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ABSTRACT
The p r a c t i c a l i t y  and u s e fu ln e s s  o f  s e v e r a l  p h y s ic a l  and b i o ­
ch em ica l a n a l y t i c a l  methods f o r  e s t i m a t i n g  th e  q u a l i t y  o f  shrim p were 
i n v e s t i g a t e d .  Because o f  th e  com plexly  I n t e r r e l a t e d  p a ram e te rs  w hich 
a r e  In v o lv e d  i n  th e  s p o i l a g e  p r o c e s s e s ,  i t  i s  v e ry  d i f f i c u l t  t o  a s s e s s  
th e  d eg ree  o f  s p o i la g e  w i th  any s i n g l e  method o f  a n a l y s i s .
The a n a l y t i c a l  approach  in c lu d e d  th e  v i s c o m e t r i c  te c h n iq u e .
S ince  p r o t e i n s ,  a p a r t  from w a te r ,  a r e  th e  main c o n s t i t u e n t s  o f  shrim p 
t i s s u e ,  d e n a t u r a t i o n  o f p r o te in s  has b een  c o n s id e re d  to  be a p re ­
dominant f a c t o r  i n  th e  s p o i la g e  p r o c e s s e s .  A s e a rc h  was made f o r  
r e l a t i o n s h i p s  be tw een  th e  degree  of s p o i l a g e  and th e  a p p a re n t  v i s c o s i t y  
o f  th e  shrim p hom ogenate.
E x p e r im e n ta l  r e s u l t s  showed t h a t  th e  a p p a re n t  v i s c o s i t y  o f the 
n o n - i r r a d i a t e d  shrim p homogenate i n c r e a s e d  in  p r o p o r t io n  to  th e  le n g th  
o f  t im e t h a t  the  shrim p had been i n  i c e  s t o r a g e .  N o n - i r r a d i a t e d  
p u t r e f i e d  shrim p always showed v e ry  h ig h  v i s c o s i t i e s .  F re s h  shrim p 
always showed low v i s c o s i t i e s .  These f in d in g s  s u g g e s t  t h a t  the  
a p p a re n t  v i s c o s i t y  of th e  homogenate co u ld  be used as a q u a l i t y  index 
f o r  n o n - i r r a d i a t e d  sh r im p .
The a p p a re n t  v i s c o s i t i e s  o f  i r r a d i a t e d  shrim p were of th e  same
o rd e r  of m agnitude as th o se  of th e  n o n - i r r a d i a t e d  c o n t r o l s  f o r  each
week of ic e  s t o r a g e .  However, th e  i r r a d i a t e d  shrim p were n e i t h e r
s lim y  nor d id  th e y  sm ell  bad  even a f t e r  21 days o f  i c e  s to r a g e ,
w hereas th e  n o n - i r r a d i a t e d  c o n t r o l s  were s lim y  and developed  p u t r i d
odors  a f t e r  14 days o f the s t o r a g e .  The ob se rv ed  s i m i l a r i t i e s  in
vi
m agnitude of th e  a p p a re n t  v i s c o s i t i e s  o f  th e  i r r a d i a t e d  shrim p and
t h e i r  n o n - i r r a d i a t e d  c o n t r o l s  may be accoun ted  f o r  by t h e  fo l lo w in g
two f a c t o r s :  (1) r a d i a t i o n  e f f e c t s  t h a t  d e n a tu re  p r o t e in s  In  th e
shrim p t i s s u e ,  and (2) th e  a c t i v i t y  on th e  d e n a tu re d  p r o t e in s  o f
m ic ro b ia l  f l o r a  t h a t  have s u rv iv e d  i r r a d i a t i o n .
o o
At e ith e r  25 C o r  -30  C, ir r a d ia t io n  w ith  0 .1  Mrad denatured
l e s s  p r o t e i n  and p o s s ib ly  o th e r  c o n s t i t u e n t s  o f shrim p th a n  d id
i r r a d i a t i o n  w i th  0 .4  Mrad. S i m i l a r l y ,  i r r a d i a t i o n  w i th  e i t h e r  0 .1
o
Mrad o r 0 .4  Mrad produced l e s s  p r o t e in  d e n a t u r a t i o n  a t  -30  C th a n  a t  
o
25 C.
Of a l l  th e  r a d i a t i o n - t r e a t e d  sam p les ,  i r r a d i a t i o n  w i th  0 .1  Mrad 
o
a t  -30  C gave shrim p hav ing  th e  lo w e s t  a p p a re n t  v i s c o s i t y ;  a s s o c i a t e d  
w i th  th e s e  low v a lu e s  were fo u r  o th e r  c r i t e r i a  t h a t  i n d i c a t e d  a 
s u p e r io r  p ro d u c t ,  nam ely, (1) h ig h e s t  ERV, (2) s m a l le r  t o t a l  b a c t e r i a l  
c o u n t ,  (3) absence of b la c k  s p o t s ,  and (4) h ig h e s t  o r g a n o le p t ic  
s c o r e s .
E x tr a c ta b il l t y  v a lu es  of the sarcop lasm ic and t o t a l  so lu b le
p r o te in s  o f  th e  n o n - i r r a d i a t e d  shrim p and the  shrim p i r r a d i a t e d  w i th
0 .4  Mrad a t  25 C and s u b se q u e n t ly  s to r e d  i n  i c e  were found a t  th e  end
o f  21 days to  be a p p re c ia b ly  l e s s  th a n  t h e i r  i n i t i a l  v a l u e s .  The
amounts o f  n o n - p r o te in  n i t r o g e n  were i n v e r s e ly  p r o p o r t i o n a l  to  th e
- l e n g t h  of th e  i c e  s to r a g e  p e r io d .
The c e n t i p o i s e  v a lu e s  o f  the  a p p a re n t  v i s c o s i t y  o f  th e  shrim p
homogenate were c o r r e l a t e d  w i th  d a ta  f o r  seven  o th e r  in d i c e s  of
q u a l i t y .  The r e s u l t s  showed t h a t  th e  c o r r e l a t i o n  w i th  t o t a l  b a c t e r i a l
coun t was p o s i t i v e  and s i g n i f i c a n t  (p ^  0 .0 5 ) ;  w i th  ERV, o v e r a l l
o rg a n o lep tic  s c o r e s , and appearance of shrimp the c o r r e la t io n s  were
v l i
n e g a t iv e  and s i g n i f i c a n t  (p ^  0 . 0 5 ) ; th e  c o r r e l a t i o n  w i th  odor was 
n e g a t iv e  and h ig h ly  s i g n i f i c a n t  (p ^  0 .0 1 ) ;  w hereas th e  c o r r e l a t i o n  
w i th  f l a v o r  and t e x t u r e  were n e g a t iv e  b u t  were n o t  s i g n i f i c a n t  
(P >  0 .0 5 ) .
INTRODUCTION
D uring  th e  p a s t  two decade3 I n  th e  U n ite d  S t a t e s  and e s p e c i a l l y  
I n  L o u i s i a n a ,  th e  shrim p c a tc h  has In c re a s e d  trem endously  ( 5 ,7 0 ) .
T h is  b r in g s  new g o a ls  I n  q u a l i t y  m ain tenance  o f  sh rim p , such  as th e  
en la rg e m e n t o f  b o a t s ,  th e  e x t e n s io n  o f  t r i p s  to  and from shrim p 
g ro u n d s ,  th e  I n t r o d u c t i o n  I n to  com m ercial c h a n n e ls  o f  new s p e c ie s  more 
s u s c e p t i b l e  to  s p o i l a g e ,  and th e  t r a n s p o r t a t i o n  o f  f r e s h  shrim p to  
i n t e r i o r  c i t i e s  f o r  p ro c e s s in g  and s a l e  ( 3 5 ) .  These developm ents  c a l l  
f o r  a  new approach  to  th e  problem s o f  q u a l i t y  m ain tenance  i n  f r e s h  
sh r im p .
Shrimp sp o ila g e  i s  due to  p h y s ic a l,  ch em ica l, and/or b io lo g ic a l  
d e te r io r a t io n , as w e ll  as enzym atic a c t i v i t i e s  o f m icroorganism s.
Economic lo s s e s  due to  sp o ila g e  s t r e s s  the need fo r  an index to
%
determ ine the q u a lity  o f  shrimp based on ch em ica l, p h y s ic a l,  and 
b a c te r io lo g ic a l  a n a ly t ic a l  p roced u res. Much work has been doen in  t h is  
f i e l d ,  but each method has i t s  l im ita t io n s  because i t  i s  concerned  
o n ly  w ith  a s p e c i f i c  compound or phenomenon r e la te d  to  the  
d e te r io r a t io n .
I t  i s  d e s ir a b le  to  study more e x te n s iv e ly  the b a s ic  e lu c id a t io n  
o f  the d egrad ation  p ro cesses  to  determ ine the q u a lity  o f f i s h  and 
s h e l l f i s h .  At the presen t s ta g e ,  th ere  i s  a g rea t need fo r  a r e l ia b le  
y e t  sim ple method for  d e te c t in g  the degree o f  s p o i la g e ,  s in c e  ev a lu a ­
t io n  o f shrimp q u a lity  i s  so  im portant in  the in d u stry .
A ccord ing  to  V a le n z u e la  ( 9 8 ) ,  f r e s h  shrim p have the  fo l lo w in g  
c o m p o s it io n :  w a s te ,  41,647. and e d ib l e  p o r t i o n ,  58.367.; the  l a t t e r  i s
2composed o f :  w a te r ,  75.43%; p r o t e i n ,  22.7%; f a t ,  0.62%; a a h ,  1.63%;
and n i t r o g e n - f r e e  e x t r a c t ,  n i l .  D uring s to r a g e  o f  sh r im p , v a r io u s  
changes i n  p r o t e i n  s t r u c t u r e  and c o m p o sit io n  a r e  m a in ly  r e s p o n s ib le  
f o r  th e  u n d e s i r a b le  e f f e c t s  t h a t  o ccu r  in  sh rim p  s p o i l a g e .  S ince  th e  
v i s c o s i t y  o f  b i o l o g i c a l  s u b s ta n c e s  i s  r e l a t e d  to  t h e i r  d e n a t u r a t i o n ,  
t h e r e  sh o u ld  be v a r i a t i o n s  in  v i s c o s i t y  o f  shrim p homogenate, 
depending  upon th e  d e g re e  o f  s p o i l a g e ,  o r  d e n a t u r a t i o n .
Some s p o i la g e  l o s s  i s  u n a v o id a b le  b ec a u se  o f  th e  p e r i s h a b i l i t y  
o f  shrim p and th e  c o n d i t io n s  under w hich th e y  a r e  c a u g h t .  A ccording  
t o  F le g e r  e t  a l  ( 3 4 ) ,  th e  annua l shrim p l o s s  from th e  c a t c h  to  s h ip ­
ment t o  rem ote m ark e ts  i s  o f t e n  10% of th e  t o t a l  c a t c h .  A lso , 
m a rk e ta b le  shrim p a r e  low ered  i n  q u a l i t y  by th e  s p o i la g e  p r o c e s s .
L o sses  can  and sh o u ld  be low ered  by improved tech n o lo g y  i n  th e  
shrim p I n d u s t r y .  R a d ia t io n  te c h n o lo g y ,  one o f  th e  new m ethods, has 
ap p eared  p ro m is in g .  The main advan tage  o f  r a d i a t i o n  in  low doses i s  
r e d u c t io n  o f  m ic ro o rg an ism s ,  th u s  p ro lo n g in g  shrim p s h e l f  l i f e .  
However, i r r a d i a t i o n  under some c o n d i t io n s  has made shrim p l e s s  
a c c e p ta b le  b ecau se  o f  th e  u n a c c e p t a b l e - e f f e c t s  o f  Induced  p h y s i c a l ,  
c h e m ic a l ,  and b i o l o g i c a l  c h a n g e s .  T h is  e f f e c t  i s  m inu te  f o r  th e  low 
dose i r r a d i a t i o n  r e q u i r e d  f o r  shrim p p a s t e u r i z a t i o n ;  y e t ,  i t  i s  
b e l i e v e d  t h a t  i t  may c o n t r ib u t e  to  p ro d u c in g  some u n a c c e p t a b l e - e f f e c t s  
su ch  as b l a c k  s p o t  and p r o t e i n  d e n a t u r a t i o n .  V ario u s  w orkers  (6 0 ,6 1 ,  
75) have r e p o r te d  t h a t  i r r a d i a t i o n  a t  low te m p e ra tu re  red u ces  th e s e  
u n a c c e p t a b l e - e f f e c t s .
The o b j e c t i v e s  o f  t h i s  s tu d y  a re  to  d e te rm in e :  (a )  w hether  th e
v i s c o s i t y  o f  shrim p homogenates can be used as a b a s i s  f o r  e s t im a t in g  
th e  q u a l i t y  o f  sh rim p , (b) w hether  t h e r e  a re  any d i f f e r e n c e s  betw een
3th e  v i s c o s i t i e s  o f  th e  homogenates of n o n - i r r a d i a t e d  sh rim p  and th o se  
o f  shrim p i r r a d i a t e d  a t  d i f f e r e n t  dose l e v e l s ,  and (c )  w hether  shrim p 
i r r a d i a t e d  a t  -30°C a r e  b e t t e r  in  q u a l i t y  th a n  th o se  I r r a d i a t e d  a t  
am bien t room te m p e r a tu re .
REVIEW OF LITERATURE
A. B io ch em la try  R e la te d  to  D e t e r i o r a t i o n  
o f  F i s h  and S h e l l f i s h
Many w orkers  have t r i e d  to  e l u c i d a t e  th e  b io c h e m ic a l  and 
p h y s ic a l  a s p e c t s  o f  th e  d e g r a d a t io n  p ro c e s s  I n  o rd e r  to  e s t a b l i s h  
methods f o r  d e te rm in in g  d eco m p o s it io n  In  f i s h  and s h e l l f i s h .  Such 
an u n d e r ta k in g  I s  v e ry  d i f f i c u l t  b ecau se  f i s h  v a ry  In  c o m p o s it io n  n o t  
o n ly  from s p e c ie s  to  s p e c ie s  b u t  from one sample to  a n o th e r .  The 
re a so n s  f o r  th e se  v a r i a t i o n s  a re  n o t  c e r t a i n ,  b u t  c o n t r i b u t i n g  
f a c t o r s  may be s e a so n ,  g e o g ra p h ic a l  a r e a  o f  c a t c h ,  s i z e ,  s e x ,  p h y s ic a l  
a c t i v i t y  p r i o r  to  c a p tu r e ,  f e e d ,  type  o f  f l e s h ,  and o th e r  unknown 
v a r i a b l e s .  F u r th e rm o re ,  v e ry  complex pos t-m ortem  changes o ccu r  In  
f i s h  and s h e l l f i s h .
Two predom inant f a c t o r s  a r e  g e n e r a l l y  r e c o g n iz e d  as u n d e r ly in g  
s p o i l a g e  p r o c e s s e s .  One I s  th e  a c t i o n  o f  enzymes produced by 
m ic ro o rg an ism s ;  th e  o th e r  r e s u l t s  from n a t u r a l l y  o c c u r r in g  enzymes in  
th e  f i s h  and s h e l l f i s h ,  i . e .  a u t o l y s i s .  A f te r  th e  d e a th  o f  f i s h  and 
s h e l l f i s h ,  r i g o r  m o r t is  i s  g e n e r a l l y  th e  f i r s t  obvious muscle 
ch an g e . I n  t h i s  s ta g e  d e t e r i o r a t i v e  changes o f f l e s h  do n o t  o c c u r .  
A f te r  r i g o r  m o r t i s  d i s a p p e a r s ,  t h e  n a t u r a l l y  o c c u r r in g  enzymes w i th in  
th e  body b e g in  to  cause  complex post-m ortem  changes r e s u l t i n g  in  th e  
breakdown o f  some f l e s h  c o n s t i t u e n t s  i n t o  s im p le r  p r o d u c t s . T h is  
c o n d i t i o n  I s  r e f e r r e d  to  as a u t o l y s i s ,  and i t  was once th o u g h t  to  be 
a  m ajo r  f a c t o r  In  p ro d u c in g  d e c o m p o s it io n .  However, l a t e r  s tu d i e s  
r e v e r s e d  t h i s  o p in io n .  S tu d ie s  o f  B e a t ty  ^ t  j i l  (13) proved a u t o l y s i s
5t o  be n e g l i g i b l e  compared to  m ic r o b ia l  d e g ra d a t io n  as a  c a u s a t iv e  
a g e n t  o f  s p o i l a g e  o f  f i s h  and s h e l l f i s h .  A l a t e r  s tu d y  by Jay  (52) 
showed t h a t  th e  a u t o l y s i s  i n  meat p r o t e in s  u ndergo ing  r e f r i g e r a t e d  
s p o i l a g e  was l e s s  th a n  g e n e r a l l y  b e l i e v e d .
A u t o l y s i s ,  however, i n  shrim p does e n t e r  i n t o  th e  p ro c e ss  o f  
form ing  b la c k  s p o t  ( m e la n o s i s ) .  F le g e r  e t  a l  ( 9 ,1 1 ,1 2 ,3 1 )  r e p o r t e d  
t h a t  a b la c k  sp o t  i s  n o t  cau sed  by m icroorgan ism s o r any chem ica l 
change b ro u g h t  ab o u t by m ic ro b ia l  a c t i v i t y ,  b u t  by s p e c i f i c  t i s s u e  
enzym es, th e  t y r o s l n a s e s .  The b la c k  s p o t  i s  produced by m elan in  
p igm ents  w hich  form on th e  I n t e r n a l  s h e l l  s u r f a c e s .  I n  advanced 
s t a g e s ,  th e y  sp re a d  to  th e  u n d e r ly in g  m e a t ,  and a b la c k  l i q u i d  
exudes  from th e  sh r im p . These pigm ents  a re  produced by o x id a t iv e  
r e a c t i o n  o f t y r o s i n a s e  on t y r o s i n e .
C a a t e l l  e t  a l  (19) c l a s s i f i e d  th e  deg ree  o f  s p o i la g e  o f  cod 
and hoddock f i l l e t s  i n t o  fo u r  s ta g e s  b ased  on t h e i r  o d o r s .  The f i r s t  
two s ta g e s  r e p o r t e d l y  had l i t t l e  o r  n o th in g  to  do w i th  m ic ro b ia l  
s p o i l a g e  b u t  were r e l a t e d  t o  a u t o l y s i s  cau sed  by n a t u r a l l y  o c c u r r in g  
m uscle  enzymes. The l a s t  two s ta g e s  were r e l a t e d  to  m ic ro b ia l  
s p o i l a g e .  He i s o l a t e d  and i d e n t i f i e d  b a c t e r i a  t h a t  p roduced  th e  odor 
o f  t r im e th y la m in e  a s s o c i a t e d  w i th  th e  t h i r d  s ta g e  o f  s p o i l a g e ;  th e se  
b a c t e r i a  were n o n - p r o t e o l y t i c  and a c te d  on th e  s o lu b le  n i t r o g e n  
c o n s t i t u e n t s ,  c h i e f l y  th e  f r e e  amino a c id s  o f  th e  m u sc le .  The 
b a c t e r i a  t h a t  p roduced  odors  o f  th e  f o u r t h  s ta g e  o f s p o i l a g e  were 
p r o t e o l y t i c .  The v e ry  o f f e n s iv e  odor a s s o c i a t e d  w i th  t h i s  f o u r t h  
s ta g e  came from th e  v a r io u s  end p ro d u c ts  o f  p r o t e i n  breakdown 
(ammonia, hydrogen s u l f i d e ,  e t c . ) ,  c o l l e c t i v e l y  r e c o g n iz e d  as  f e c a l  
and p u t r i d .  These f in d in g s  were c o n s i s t e n t  w i th  t t i e i r  e a r l i e r
6b io c h e m ic a l  s t u d i e s  t h a t  i n d i c a t e d  t h a t  s p o i l a g e  took  p la c e  in  two 
w e l l  d e f in e d  b u t  o v e r la p p in g  s t a g e s .
The f a c t  t h a t  d i f f e r e n t  m icrobes  were r e s p o n s ib le  f o r  each  
s ta g e  o f  s p o i l a g e  o f f i s h  m uscle  was con firm ed  by C a r ro l  e t  a l  (18) 
and Campbell £ t  j i l  ( 1 7 ) .  They found t h a t  c e r t a i n  m ic ro b ia l  s p e c ie s  
d rop  from a dom inant p o s i t i o n  to  one o f  r e l a t i v e  i n s i g n i f i c a n c e ,  and 
o th e r  s p e c i e s ,  p r e v io u s ly  few in  number, su d d en ly  I n c re a s e  g r e a t l y .  
They p o s tu l a t e d  t h a t  th e  makeup o f  th e  b a c t e r i a l  p o p u la t io n s  
undergoes  marked p e r io d ic  c h an g es ,  m ain ly  due to  e n v iro n m e n ta l  changes 
su ch  as t e m p e r a tu r e , pH, s a l i n i t y ,  and a v a i l a b i l i t y  o f  n e c e s s a r y  food 
s u b s t a n c e s .
Duggan £ t  a l  (27) p o s tu l a t e d  two p r i n c i p a l  ty p es  o f  decomposi­
t i o n  i n  raw sh rim p , nam ely, p u t r e f a c t i v e  type  and ammonlacal ty p e .
The p u t r e f a c t i v e  type  o c c u rs  when sh rim p , b e f o r e  i c i n g ,  a r e  exposed  
f o r  a  time to  te m p e ra tu re s  f a v o ra b le  f o r  b a c t e r i a l  g row th . This  
breakdown i s  c h a r a c t e r i z e d  by th e  appearance  o f  I n d o le ,  presum ably 
formed from t ry p to p h a n  th ro u g h  b a c t e r i a l  a c t i o n ,  s in c e  no in d o le  i s  
e v e r  found i n  f r e s h  sh r im p . Once s t a r t e d ,  t h i s  type  o f  d ecom posit ion  
p ro ceed s  f a i r l y  r a p i d ly  even though  th e  shrim p a re  w e l l  i c e d .  The 
am nonlacal type  o f d eco m p o s it io n  o ccu rs  s lo w ly  and i s  c h a r a c t e r i z e d  
by an odor o f  f r e e  ammonia in  a d d i t i o n  to  o th e r  odors  a s s o c i a t e d  w i th  
p r o t e i n  d e c o m p o s it io n .
F le g e r  e t  _al (32) n o te d  in  t h e i r  rev iew  t h a t  p r o t e o l y s i s  i s  
p r e v a l e n t  among th e  numerous breakdown p ro c e s s e s  i n  s e a  fo o d s .  They 
o b se rv ed  t h a t  th e  u n fa v o ra b le  exposure  o f th e  shrim p to  am bient a i r  
te m p e ra tu re  p r i o r  to  i c e  s to r a g e  f o r  an even r e l a t i v e l y  s h o r t  
d u r a t io n  had a pronounced ad v erse  e f f e c t  on q u a l i t y ;  t h i s  was due to
7g r e a t  I n c r e a s e s  i n  t o t a l  b a c t e r i a l  co u n ts  a f t e r  s i x  and e le v e n  d a y s .  
The e f f e c t s  were n o t  s e r i o u s  im m edia te ly  fo l lo w in g  exp o su re  o f shrim p 
a f t e r  c a t c h  to  am bient a i r  te m p e ra tu re .
J a y  (52) showed t h a t  b e e f  s p o i la g e  b a c t e r i a  were n o t  a b le  to  
produce th e  enzymes r e s p o n s ib le  f o r  the  d e g ra d a t io n  o f  p r o te in s  a t  
r e f r i g e r a t i o n  te m p e ra tu re  a t  7°C . His r e s u l t s  I n d ic a t e  t h a t  th e  
changes In  n i t ro g e n o u s  compounds from f r e s h n e s s  to  s p o i la g e  were 
m in o r .  As f u r t h e r  ev id e n c e  o f  th e  sm all  deg ree  o f  p r o t e in  d eg ra d a ­
t i o n  in  b e e f  by b a c t e r i a ,  he showed t h a t  th e  c o n te n t  o f  t o t a l  s o lu b le  
p r o t e in s  rem ained  a t  abou t th e  same l e v e l  from f r e s h n e s s  to  s p o i l a g e .  
He employed th e  e x t r a c t i o n  p ro ced u re  o f  Mlyada ejt a l  (74) and used  
th e  K je ld a h l  method and e l e c t r o p h o r e s i s  i n  b a r b i t a l  b u f f e r  a t  pH 7 .7  
f o r  a n a ly s i s  o f  n i t r o g e n  c o n t e n t .  I n  o rd e r  to  co n f irm  t h i s  r e s u l t ,  
he a l s o  used th e  e x t r a c t i o n  p ro ced u res  o f Sayre e_t a l  (82) and o f  
H elander  (44) f o r  d e te r m in a t io n  o f  t o t a l  s o lu b le  p r o te in s  and 
sa rc o p la s m ic  p r o t e i n s .  His r e s u l t s  showed t h a t  th e  c o n te n t  of t o t a l  
s o lu b le  p r o te in s  rem ained  e s s e n t i a l l y  th e  same as th o se  de te rm in ed  
by th e  p ro ced u re  o f  Mlyada e t  a l  (7 4 ) .  N e v e r th e le s s ,  th e  
s a rc o p la s m ic  p r o t e i n  d e c re a se d  as th e  meat s p o i l e d ,  i n d i c a t i n g  t h a t  
a t  l e a s t  some o f  the  sa rc o p la sm ic  s u b s ta n c e s  were u t i l i z e d  by th e  
s p o i l a g e  m ic ro o rg a n ism s .
C o n tra ry  to  p re v io u s  w o rk e rs '  f in d in g s  (1 9 ,3 2 ) ,  Jay  (54) 
su g g e s te d  t h a t  th e  u s u a l  s p o i la g e  m icroorgan ism s o f r e f r i g e r a t e d  
b e e f  a r e  n o t  s t r o n g ly  p r o t e o l y t i c  and th e  o f f - o d o r  compounds such  as 
ammonia, hydrogen s u l f i d e ,  e t c .  o r i g i n a t e  from f r e e  amino a c i d s .  As 
e v id e n c e ,  he i s o l a t e d  t y p i c a l  s t r a i n s  from r e f r i g e r a t e d  meat in  o rd e r  
t o  d e te rm in e  t h e i r  p r o t e o l y t i c  c a p a b i l i t y .  He found t h a t  most o f
8t h e s e  b a c t e r i a  la c k e d  th e  a b i l i t y  to  degrade n a t iv e  p r o t e in s  w h ile  
th e y  c o u ld  degrade g e l a t i n  In  c u l t u r e  m ed ia .  From th e s e  f i n d i n g s ,  
Jay  (54) conc luded  t h a t  b e e f  undergo ing  r e f r i g e r a t e d  b a c t e r i a l  
s p o i la g e  does n o t  undergo p r o t e o l y s i s  to  any g r e a t  e x t e n t .  However, 
th e  s p o i l a g e  m icroorgan ism s m u l t i p ly  a t  th e  expense  o f  some o r  a l l  
o f  many r e l a t i v e l y  lo w -m o le c u la r-w e ig h t  s u b s ta n c e s  p r e s e n t  In  
sa rc o p la sm  and p o s s ib ly  even  a t  the  expense  o f dead a u to ly z e d  
b a c t e r i a l  c e l l s  and s u b s ta n c e s  such  as f r e e  amino a c id s  e x c r e te d  
from l i v i n g  c e l l s .
A part  from w a te r ,  p r o t e i n s  a r e  by f a r  th e  m ajor c o n s t i t u e n t s  
o f  f l e s h ;  th e y  d e te rm in e  to  a  v e ry  l a r g e  e x t e n t  th e  p h y s ic a l  
p r o p e r t i e s  o f  f l e s h .  M o d if ic a t io n s  In  th e  amount, n a t u r e ,  o r  k in d s  
o f  th e s e  p r o te in s  a re  r e f l e c t e d  In  m o d i f i c a t io n s  o f p h y s i c a l ,  and 
some chem ica l p r o p e r t i e s .  I t  i s  Im p o r ta n t ,  t h e r e f o r e ,  to  s tu d y  th e  
e f f e c t  of I c e d -  o r  f r o z e n - s to r a g e  on d e n a t u r a t i o n  o f th e  f l e s h  
p r o t e in s  o f  f i s h .  Even though p u b l i s h e d  works In  t h i s  f i e l d  a re  
e x tre m e ly  v a r i e d ,  i t  I s  g e n e r a l l y  r e c o g n iz e d  t h a t  the  f r e e z i n g  of 
f i s h  d e c re a se s  t h e i r  c o n te n t  o f  s o lu b le  p r o t e in s  due to  d e n a tu r a t i o n  
t h a t  o c c u rs  as a f u n c t io n  o f  the  p e r io d  o f  f ro z e n  s to r a g e  ( 2 2 ,2 3 ) .  
U n f o r tu n a te ly ,  no d a ta  a re  a v a i l a b l e  f o r  i c e - s t o r e d  u n f ro z e n  f i s h  
and s h e l l f i s h .
9B . C o n v en tio n a l  Q u a l i ty  In d ic e s  f o r  Shrimp
E s t a b l i s h i n g  th e  methods f o r  d e te rm in in g  decom p o sit io n  in  f i s h  
and s h e l l f i s h  I s  v e ry  Im p o r ta n t  n o t  o n ly  to  p ro c e s s o r s  b u t  a l s o  to  
co n su m e rs . T hus ,  many w orkers  in c lu d in g  th o se  o f r e g u l a t o r y  ag e n c ie s  
su c h  as The Food and Drug A d m in is t r a t io n  have I n v e s t i g a t e d  a n a l y t i c a l  
l a b o r a t o r y  methods in  a t t e m p t in g  to  e s t a b l i s h  q u a l i t y  I n d ic e s  f o r  
f i s h  and s h e l l f i s h .  But so f a r  no one method has proved to  be 
e n t i r e l y  s a t i s f a c t o r y .
The c o n v e n t io n a l  t e s t  methods can  be c l a s s i f i e d  as s u b je c t iv e  
and o b j e c t i v e .  As a  s u b j e c t i v e  t e s t ,  o r g a n o le p t ic  e s t im a t io n  o f  th e  
q u a l i t y  o f  f i s h  and s h e l l f i s h  has been  and w i l l  c o n t in u e  to  be th e  
f i r s t  c h o ic e  f o r  th e  d e te r m in a t io n  o f  t h e i r  q u a l i t i e s  ( 1 ,3 0 ) .  I t  i s  
th e  f a v o r i t e  b ecau se  (a )  no s p e c i a l  l a b o r a t o r y  equipm ent i s  needed , 
(b) th e  f i s h  can be examined w herever  th e y  happen to  b e ,  (c )  th e  t e s t  
i s  r a p i d ,  and (d) many samples may be e v a lu a te d  i n  a  r e l a t i v e l y  s h o r t  
p e r io d .  But F a rb e r  (30) p o in te d  o u t  t h a t  u n f o r t u n a t e l y  th e  use o f  
th e  se n se s  i n  t h i s  t e s t  i s  a s u b j e c t i v e  p ro ced u re  and a t  b e s t  on ly  
ro u g h ly  q u a n t i t a t i v e ;  th e  im p re s s io n s  r e g i s t e r e d  a re  th e  r e s u l t  of 
th e  i n t e r p r e t a t i o n  o f  a number o f  p h y s io l o g i c a l ,  e n v iro n m e n ta l ,  and 
even economic f a c t o r s .  The o r g a n o le p t i c  method becomes 
u n s a t i s f a c t o r y  when i t  i s  used to  d i s t i n g u i s h  and e v a lu a t e  th e  so -  
c a l l e d  b o r d e r l i n e  s ta g e  o f  f r e s h n e s s  and th e  s ta g e  o f i n c i p i e n t  
s p o i l a g e .
Many o b je c t iv e  t e s t s  have been  p roposed  i n  o rd e r  to  c u r t a i l  
th e  sho rtcom ings  in h e r e n t  in  th e  s u b je c t i v e  o r g a n o le p t ic  t e s t  (1 2 ,1 7 ,  
2 4 ) .  A l l i s o n  (1) and B a i le y  eit a l  (10) d e f in e d  an o b je c t iv e  t e s t  as
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one w hich  would a c c u r a t e l y  and r e p ro d u c ib ly  g iv e  n u m erica l  v a lu es  o f  
ch em ica l o r  p h y s ic a l  m easurem ents o f  d eco m p o s it io n  of a  compound o r 
compounds In  the  f l e s h  o f f i s h  o r  s h e l l f i s h .  They s t a t e d ,  however, 
t h a t  I t  I s  r a t h e r  d o u b t fu l  t h a t  such  a  t e s t  can be p e r f e c t e d  becau se  
p h y s ic a l  and chem ica l changes a r e  dependent n o t  o n ly  on an e la p s e d  
p e r io d  o f  s t o r a g e ,  b u t  a l s o  on t r e a tm e n t  p r i o r  t o  s to r a g e  and th e  
env ironm en t from w hich th e  shrim p were o b ta in e d  I n i t i a l l y .
S e v e ra l  w orkers  (1 ,9 4 )  have p roposed  v a r io u s  methods fo r  
d e te rm in in g  th e  q u a l i t y  o f  f i s h  and s h e l l f i s h  su ch  as o rg a n o le p t ic  
t e s t ,  b a c t e r i a l  c o u n t s ,  pH, b u f f e r i n g  c a p a c i t y ,  d e te rm in a t io n s  o f 
ammonia, v o l a t i l e  am ines ,  t y r o s i n e ,  h i s ta m in e ,  i n d o le ,  hydrogen 
s u l f i d e ,  t r im e th y la m in e ,  and v o l a t i l e  a c i d s .  'Among th e s e  m ethods, 
A l l i s o n  (2) recommended the  d e te r m in a t io n  o f  t r im e th y la m in e  in  raw 
o r  f ro z e n  s h e l l f i s h  and th e  v o l a t i l e  a c id s  f o r  a l l  f i s h  and f i s h  
p r o d u c t s .  O ther i n v e s t i g a t o r s  ( 2 7 ,3 7 ,4 5 ,4 6 ,4 7 ,9 1 ) ,  however, have 
shown t h a t  th e  r e s u l t s  were n o t  c o n s i s t e n t .  F ie g e r  e t  a l  (37) 
e x p la in e d  t h a t  th e  v a lu e s  f o r  b o th  t r lm e th y 1amine and v o l a t i l e  a c id s  
a r e  o f  l i m i t e d  v a lu e  as a  measure o f q u a l i t y  o r  l e n g t h  o f s to r a g e  of 
sh rim p  becau se  no d i f f e r e n c e s  In  t h e i r  v a lu e s  were found d u r in g  th e  
e a r l y  s ta g e s  o f  s to r a g e  o f  sh rim p .
T o ta l  b a c t e r i a l  c o u n ts  have been  used as a q u a l i t y  Index of f i s h  
and s h e l l f i s h .  However, C a r ro l  e t  a l  (18) p o in te d  o u t  t h a t  
b a c t e r i a l  c o u n ts  a r e  n o t  n e c e s s a r i l y  a d e f i n i t i v e  i n d i c a t i o n  of 
q u a l i t y  b ecau se  th e y  depend on such  f a c t o r s  as  s p e c i e s ,  bottom 
c h a r a c t e r i s t i c s ,  so u rc e  o f  c a t c h ,  and tim e e la p s e d  a f t e r  la n d in g .
* B a i le y  e t  a l  (10) rev iew ed  c h e m ic a l ,  p h y s ic a l  and m icro ­
b i o l o g i c a l  t e s t s  w hich were u s e fu l  f o r  d e te rm in in g  th e  r e l a t i v e
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q u a l i t y  o f  l c e - 8 t o r e d  sh r im p . They c l a s s i f i e d  th e  a c c e p ta b le  t e s t s  
I n to  t h r e e  c a t e g o r i e s :  (a )  t e s t s  i n d i c a t i n g  d e f i n i t e  changes in
prime q u a l i t y ,  (b) t e s t s  s ig n i f y i n g  o n s e t  o f  s p o i l a g e ,  (c )  o th e r  
t e s t s  f o r  d e te rm in in g  r e l a t i v e  q u a l i t y  b u t  which do n o t  s i g n i f y  o n s e t  
o f  s p o i la g e  o r  i n d i c a t e  d e f i n i t e  changes in  prime q u a l i t y .
Se toon  (85) s tu d i e d  f l a v o r  o f  shrim p and i d e n t i f i e d  a c e t a l d e -  
hyde , a c e to n e ,  d l a c e t y l ,  and 3 -m e th y l-2 -b u ta n o n e  from gas 
ch ro m ato g rap h ic  a n a ly s i s  as c a rb o n y ls  p roduced by shrim p decom posi­
t i o n .  D uring ic e  s to r a g e  o f  sh r im p , c a rb o n y l  c o n te n t s  in c r e a s e d  in  
21 days o f  s to r a g e  and th e n  ten d ed  to  d e c r e a s e .  The c a rb o n y l  l e v e l  o f  
5 ppm i s  c o n s id e re d  to  be th e  b o rd e r  l i n e  f o r  d e t e r i o r a t i o n  i n  shrim p 
q u a l i t y .  He a l s o  r e p o r t e d  t h a t  th e s e  c a rb o n y l  changes p a r a l l e l e d  
th o se  o f  t r i m e th y l  am ine, am m o n ia -n ltro g en , and t o t a l  b a c t e r i a l  c o u n ts .
Jay  (5 1 ,5 4 )  deve loped  th e  " e x t r a c t  r e l e a s e  volume" (ERV) 
m ethod, w hich  i s  s im ple  and r a p id  f o r  d e t e c t i n g  s p o i la g e  in  m ea t.
He found t h a t  nomogenates o f  f r e s h  b e e f  t h a t  were a llow ed  to  f i l t e r  
th ro u g h  a  f i l t e r  paper r e l e a s e d  r e l a t i v e l y  l a r g e  volumes o f  e x t r a c t  
i n  a g iv en  p e r io d ,  w hereas s p o i l e d  and p r o t e a s e - t r e a t e d  b e e f  
homogenates r e l e a s e d  p r o g r e s s iv e ly  s m a l le r  amounts or none a t  a l l .
He found t h a t  te m p e ra tu re ,  pH, d u r a t io n  o f  hom ogen iza tion  and 
e x t r a c t i v e s  a f f e c t e d  the  r e s u l t s  o f  th e  p ro c e d u re .  The mechanism of 
t h i s  phenomenon i s  n o t  known. He p o in te d  o u t  t h a t  i t  re sem b les  the  
w a te r  h o ld in g  c a p a c i ty  in  m eats to  some e x t e n t .  He found t h a t  th e  
ERV d e c re a se d  l i n e a r l y  from f r e s h n e s s  to  s p o i l a g e ,  and he p o s tu l a t e d  
t h a t  b a c t e r i a l  p r o t e o l y s i s  was r e s p o n s ib le  f o r  th e  r e d u c t io n  o f  ERV. 
He n o te d ,  how ever, t h a t  th e  low ered  ERV v a lu e s  were n o t  d i r e c t l y  
p r o p o r t io n a l  to  l a r g e  numbers o f  b a c t e r i a l  c e l l s .
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C . A pparen t V i s c o s i t y  of Shrimp Homogenates 
aa a Q u a l i t y Index
I t  has b een  r e p o r t e d  t h a t  most o f  th e  m ic r o b i o l o g i c a l ,  c h e m ic a l ,  
and p h y s ic a l  t e s t s  now employed f o r  d e te rm in in g  th e  q u a l i t y  o f  shrim p 
have b ro ad  l i m i t a t i o n s .  I t  I s  d o u b t fu l  t h a t  th e  q u a l i t y  o f  shrim p 
can  be m easured by o n ly  one t e s t ,  b ecau se  th e  d e g r a d a t io n  p ro c e s s e s  
o f  f i s h  and s h e l l f i s h  In  p o s tm o r te m  changes a r e  so com plexly  
I n t e r r e l a t e d .  I t  i s  b e l i e v e d  t h a t  ch em ica l s u b s ta n c e s  o f  b i o l o g i c a l  
o r i g i n ,  e s p e c i a l l y  p r o t e in s  and enzymes, a re  d e n a tu re d  and degraded  
d u r in g  s t o r a g e ,  even  under ic e d  c o n d i t io n s  fo l lo w in g  r a d i a t i o n  
p a s t e u r i z a t i o n .  T h is  i s  e s p e c i a l l y  t r u e  w i th  s h e l l f i s h .  This  
s p o i la g e  ten d s  to  i n f lu e n c e  th e  a p p a re n t  v i s c o s i t y  o f th e  homogenate 
and th e  t e x t u r e  o f  th e  sh rim p . The a p p a re n t  v i s c o s i t y  o f  th e  homoge­
n a te  i s  h ig h e r  i n  poor q u a l i t y  meat th a n  i n  meat o f  a p p a r e n t ly  good 
m ic ro b ia l  q u a l i t y .
Our knowledge o f  th e  v i s c o s i t y  o f  l i q u i d s  i s  l a r g e l y  e m p i r ic a l  
s in c e  th e  k i n e t i c  th e o ry  o f  l i q u i d s  o n ly  i l l u s t r a t e s  th e  mechanisms 
in v o lv e d  and does n o t  p e rm it  an a c c u r a te  e s t i m a t i o n  o f th e  v i s c o s i t y  
from o th e r  p h y s ic a l  p r o p e r t i e s .  S e v e ra l  w orkers  ( 1 4 ,2 6 ,9 7 ,9 9 )  have 
d i s c u s s e d  t h i s  s u b j e c t .
V iscom etry  has long  been  used  f o r  th e  d e te rm in a t io n  o f  s i z e ,  
sh a p e ,  and m o le c u la r  w e ig h t  o f  polymers l i k e  p r o t e i n s ,  c a r b o h y d ra te s ,  
e t c .  i n  term s o f  i n t r i n s i c  v i s c o s i t y .  I t  i s  e a s i e r  to  measure and 
i n t e r p r e t  th an  o th e r  p h y s ic o -c h e m ic a l  methods such  as s e d im e n ta t io n  
and d i f f u s i o n  c o n s t a n t s .  V iscom etry  has e s p e c i a l l y  become a more 
im p o r ta n t  method s in c e  th e  developm ent o f  th e  t h e o r i e s  o f
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non-Newtonian v i s c o s i t y .  T h is  has made th e  g r a d i e n t  dependence o f
v i s c o s i t y  l e s s  o f  a  n u isa n c e  and more o f  a  so u rce  o f  a d d i t i o n a l
in fo rm a t io n  co n c e rn in g  th e  shape of polymers (99) . I n  a d d i t i o n ,  i t
o f f e r s  a  new means o f  s tu d y in g  th e  c o n fo rm a tio n a l  changes o f  p r o te in s
and c o n s e q u e n t ly ,  i t  has  been  used  to  d e t e c t  th e  i l l - d e f i n e d  p r o c e s s ,
" d e n a t u r a t i o n " . The d e n a t u r a t i o n  o f  b i o l o g i c a l  h ig h -m o le c u la r -w e ig h t
s u b s ta n c e s  has been  e x t e n s iv e ly  s tu d i e d  d u r in g  th e  p a s t  one o r  two
d e c a d e s .  N e v e r th e le s s ,  i t  i s  s t i l l  d i f f i c u l t  t o  d e f in e  t h i s
phenomenon v e ry  p r e c i s e l y  b ecau se  o f  th e  g r e a t  number o f  p a ram e te rs
in v o lv e d  ( 5 8 ) .  C o lv in  (21) even  su g g e s te d  th e  com plete  a b o l i t i o n  of
th e  w ord, " d e n a tu r a t io n "  as  fo l lo w s :
" th e  changes o b se rv ed  e x p e r im e n ta l ly  f o r  any p a r t i c u l a r  
polymer may be d e s c r ib e d  e x p l i c i t l y  by th e  o p e r a t io n s  
u sed  t o  s tu d y  them w i th o u t  any n e c e s s i t y  to  r e f e r  them to  
a vague a l l - i n c l u s i v e  c l a s s  o f  i l l - d e f i n e d  l i m i t s . "
S ince  th e  d e n a tu r a t io n  o f  th e  p r o te in s  i s  always r e l a t e d  to
v a r i a t i o n s  i n  th e  d im en s io n s ,  c o n f i g u r a t i o n ,  d e f o r m a b l l l t y ,  and the
d eg ree  o f  s o lv a t i o n  o f  th e  d i s s o lv e d  m acrom olecu les ,  i t  can be
e x p e c te d  t h a t  th e  v i s c o s i t y  o f  s o lu t i o n s  would be s e n s i t i v e  to  the
d e n a t u r a t i o n  of th e s e  s u b s ta n c e s .  T h is  has been  e x p e r im e n ta l ly
p roven  ( 5 8 ,5 9 ) .  G e n e r a l ly ,  th e  v i s c o s i t y  of p r o t e i n  s o lu t i o n s
i n c r e a s e s  when i t  i s  d e n a tu r e d .  T h is  in c r e a s e  can  be caused  i n  the
fo l lo w in g  ways: a g g r e g a t io n  o f  th e  d e n a tu re d  m o le c u le s ,  an u n fo ld in g
o f  th e  p o ly p e p t id e  c h a i n s ,  and a n i s o t r o p i c  s w e l l in g  o f  th e  p a r t i c l e s .
F r e q u e n t ly ,  th e  i n c r e a s e  i n  th e  o b se rv ed  v i s c o s i t y  i s  a consequence
o f  s e v e r a l  phenomena produced s u c c e s s iv e ly  o r s im u l ta n e o u s ly .  The
l o s s  o f  f l u i d i t y  o f  a p r o t e i n  s o l u t i o n ,  when d e n a tu re d ,  c o r re sp o n d s
t o  th e  t r a n s i t i o n  o f th e  compact s t r u c t u r e  o f  the  n a t i v e  p r o t e i n
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m o lecu le  to  a wide sp re a d  c o n f i g u r a t i o n  in  s p a c e .  J o ly  (59) s t a t e d  
t h a t  pHt te m p e ra tu re ,  and chem ica l r e a g e n ts  a re  th r e e  main f a c t o r s  
w hich  a r e  r e s p o n s ib le  f o r  p r o t e in  d e n a t u r a t i o n .  I t  has been  found 
t h a t  th e  v i s c o s i t y  g e n e r a l l y  i n c r e a s e s  when g lo b u la r  p r o te in s  a re  
h e a te d .  However, f o r  a  f ib r o u s  p r o t e in  su ch  as c o l l a g e n ,  th e rm a l 
d e n a t u r a t i o n  i s  c h a r a c t e r i z e d  by a  d e c re a se  i n  v i s c o s i t y .
D. Technology o f  R a d ia t io n  P r e s e r v a t io n  o f Shrimp
The improvement o f  f i s h  and s h e l l f i s h  p reserv a tio n  i s  an 
im portant and urgent ta sk  due to  th e ir  sp o ila g e  tendency and 
economic im portance. For t h is  purpose the co n v en tio n a l methods such  
a s  f r e e z in g , d ry in g , and fr e e z e -d r y in g , and canning have been u t i l i z e d ,  
depending on the k inds o f  f i s h  and s h e l l f i s h .  The fr e e z in g  tech n iq u e, 
fo r  exam ple, has been the most popular p reserv a tio n  method. This 
method improved the p reserv a tio n  o f f i s h  and s h e l l f i s h  co n sp icu o u sly  
when l iq u id  n itro g en  was in troduced  as cryogen to  the in d u stry . 
However, p u b lic  p referen ce fo r  fr e sh  f i s h  and s h e l l f i s h  over frozen  
products n e c e s s i ta te s  a need for more p reserv a tio n  resea rch  than 
resea rch  on fr e e z in g .
C o n v e n t io n a l ly ,  th e  u n f ro z e n  shrim p have been  com m ercia lly  
p r e s e rv e d  by i c e - s t o r a g e ,  b u t  shrim p have been  found to  degrade v e ry  
r a p i d l y  under th e s e  c o n d i t i o n s . F ie g e r  e t  j i l  (36) r e p o r t e d  t h a t  
f r e s h l y  cau g h t  shrim p r e t a i n  t h e i r  f r e s h ,  sw eet f l a v o r  d u r in g  the  
f i r s t  f iv e  days o f  i c e  s t o r a g e .  From th e  s i x t h  to  e i g h t h  day o f 
s t o r a g e ,  th e  shrim p r a p i d l y  lo s e  t h e i r  sw eet f l a v o r  and become so- 
c a l l e d  " s t a l e ” sh rim p . From th e  e i g h t h  to  t w e l f th  day o f  s to r a g e  the  
shrim p a r e  r e l a t i v e l y  t a s t e l e s s  w i th  r e g a rd  .to  s w e e tn e ss ,  b u t  no
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o f f - o d o r s  o r  o f f - f l a v o r s  a re  e v i d e n t .  A f t e r  tw elve  days o f  s to r a g e  
th e  cooked m eats  have o f f - o d o r s  and o f f - f l a v o r s  due t o  s p o i l a g e .
F l e g e r  and h i s  cow orkers  (3 3 ,3 5 )  t r i e d  to  e x te n d  th e  s h e l f  
l i f e ,  i . e . ,  (a )  to  d e lay  th e  l o s s  o f  q u a l i t y  and o n s e t  o f  s p o i l a g e ,  
and (b) to  p re v e n t  the  m e la n o s is  In  i c e - s t o r e d  shrim p by u s in g  
"ch em ica l  I c e " .  T h e ir  r e s e a r c h  f in d in g s  showed t h a t  none o f  them had 
b een  a b le  t o  e x te n d  t o t a l  s to r a g e  l i f e  a p p r e c ia b ly ;  however, sodium 
b i s u l f i t e  a t  th e  l e v e l  o f  1 ,000  o r 1 ,500  ppm was v e ry  e f f e c t i v e  In  
p r e v e n t in g  m e la n o s is ,  p a r t i c u l a r l y  d u r in g  th e  l a t t e r  p a r t  o f  th e  
s to r a g e  p e r io d  when b la c k  s p o t  I s  most s e v e r e .
On th e  o th e r  hand, r a d i a t i o n  r e c e n t l y  has been  In tro d u c e d  as a 
means o f  p r e s e r v a t i o n  o f  sh r im p .
I n  th e  U nited  S t a t e s ,  th e  Army was th e  f e d e r a l  agency concerned  
w i th  atom ic en e rg y  f o r  food u ses  u n t i l  1960. That y e a r ,  th e  U.S. 
Atomic Energy Commission jo in e d  th e  Army In  t h i s  work. The Army 
program was r e o r i e n t e d  to  c o n c e n t r a t e  on s t e r i l i z a t i o n  o f  food  item s 
o f  s p e c i a l  m i l i t a r y  s i g n i f i c a n c e .  Hence, th e  Army i s  p r im a r i ly  
c o n cern ed  w i th  m e a ts ,  p o u l t r y ,  and m arine p ro d u c ts  exposed  to  h ig h  
dose l e v e l s  o f  i r r a d i a t i o n  by gamma-rays from c o b a l t - 6 0  t o  a c h iev e  
s t e r i l i z a t i o n .  The AEC d i r e c t s  i t s  a c t i v i t y  a t  p ro lo n g in g  s h e l f  
l i f e  o f  p e r i s h a b le  i tem s  w i th  low dose i r r a d i a t i o n  to  ach ieve  
p a s t e u r i z a t i o n  o f  p ro d u c ts  su ch  as f r u i t s  and s e a  fo o d s ,  t o  d e - i n f e s t  
g r a i n s ,  and to  i n h i b i t  s p r o u t in g  o f  p o ta to  tu b e r s  ( 3 ,6 0 ,6 1 ,8 6 ) .
S evera l o ther co u n tr ie s  are a ls o  doing work w ith  ir r a d ia te d  
fo o d s , and Canada has approved ir r a d ia te d  p o ta to es  and o n io n s, and 
about f iv e  o th er co u n tr ie s  have approved p o ta to e s . The S o v ie t  Union 
has rep o r ted ly  approved se v e r a l ir r a d ia te d  m eats, i . e . ,  b e e f ,  pork,
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c h ic k e n ,  and r a b b i t  ( 3 ) .
S ince  the  I n c e p t io n  o f  food i r r a d i a t i o n  p r o j e c t s ,  t h e r e  have 
b een  many p ros  and cons abou t th e  s a f e t y  o f th e  i r r a d i a t e d  fo o d s .  
C o n s id e r in g  th e  consum ers ' w e l f a r e ,  t h i s  s a f e t y  problem  i s  of u tm ost 
im p o r ta n c e .  The danger  o f  i r r a d i a t e d  foods  l i e s  i n  th e  f a c t  t h a t  
i r r a d i a t i o n  o f  o rg a n ic  s u b s ta n c e s  may produce c a rc in o g e n ic  and 
m utagen ic  compounds such  as e p o x id e s ,  l a c t o n e s ,  q u in o n e s ,  p e r o x id e s ,  
and h y d ro x y a lk y l-p e ro x id e s  (29) . The p r o c e s s in g  o f  a l l  foods  by h igh  
e n e rg y  r a d i a t i o n  beams ( f a s t  e l e c t r o n ,  X - ra y ,  o r  ganm a-ray) w i l l  
p roduce e x c i t e d  n u c l e i  o f  atoms t h a t  w i l l  e m it  a lp h a ,  b e t a ,  a n d /o r  
ganma ra y s  a f t e r  th e  p r o c e s s in g  has b een  com ple ted . I n  some c a s e s ,  
th e s e  a r t i f i c i a l  r a d io n u c le id s  can  l i n g e r  i n  th e  i r r a d i a t e d  foods f o r  
y e a r s ,  th u s  p roduc ing  c a r c in o g e n ic  a n d /o r  m utagenic  compounds, i f  the  
l e v e l s  o f  r a d i o a c t i v i t y  a re  of any b i o l o g i c a l  s i g n i f i c a n c e  ( 6 4 ) .  
However, th e  maximum p o s s ib l e  induced  a c t i v i t y  and i t s  a s s o c i a t e d  
r a d i o l o g i c a l  e f f e c t  r e s u l t i n g  from f a s t  e l e c t r o n  beams, f o r  exam ple, 
a r e  a  f r a c t i o n  o f  the  a c t i v i t y  and th e  e f f e c t  r e s u l t i n g  from th o se  
n a t u r a l l y  o c c u r r in g  r a d io n u c le id s  such  as p o ta ss lu m -4 0  and ca rb o n -  
14 , a l r e a d y  p r e s e n t  i n  fo o d s .  The m agnitude o f  th e  induced  r a d i o ­
a c t i v i t y  i s  so sm a ll  t h a t  i t  i s  d i f f i c u l t  to  measure e x c e p t  w i th  the  
m ost r e f i n e d  d e t e c t i n g  equipm ent such  as l i q u i d  s c i n t i l l a t i o n  
t e c h n iq u e . As more s e n s i t i v e  equipm ent su ch  as th e  improved gamma- 
r a y  s p e c t ro m e te r s ,  em ploying l i t h i u m  d r i f t e d  germanium d e t e c t o r s  and 
m u l t id im e n s io n a l  p u lse  h e ig h t  a n a ly z e r s  i n  o n - l i n e  com puters a re  
d e v e lo p ed ,  th e  t o le r a n c e  l e v e l  f o r  c l e a r a n c e  w i l l  be s m a l l e r .  T h is  
s i t u a t i o n  i s  com parable to  t h a t  o f  p e s t i c i d e s .
Lackey (67) p o in te d  o u t  t h a t  th e r e  i s  always a n a t u r a l
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r a d i o a c t i v i t y  In  s h e l l f i s h  due, a t  l e a s t  In  p a r t ,  t o  p o ta ss lu m -4 0  and 
c a rb o n -14 . I n  a d d i t i o n  to  th e  n a t u r a l l y  o c c u r r in g  r a d i o a c t i v i t y  o f  
th e  o cean ,  t h e r e  a re  now p o s s ib l e  a d d i t i o n s  from: (a )  f a l l o u t  from
weapons and o t h e r  t e s t i n g  p ro c e d u re s ,  (b)  r e a c t o r s  l o c a t e d  n e a r  th e  
o c e a n ,  and (c )  n u c le a r  powered s h i p s .  But he I n s i s t e d  t h a t  th e  
dangerous  I s o to p e s  In  f i s h  a re  n o t  found In  th e  m uscle o f  s h e l l f i s h .
Long-term  f e e d in g  s tu d i e s  have f a i l e d  to  d em o n s tra te  t h a t  
r a d i a t i o n - p r o c e s s e d  foods  a r e  l e s s  s a fe  f o r  human consum ption th a n  
c o n v e n t io n a l  h e a t  p ro c e s s e d  foods ( 6 6 ,7 9 ) .  R a ic a  (7 9 ,8 0 )  I n d ic a te d  
t h a t  I r r a d i a t e d  foods had no i l l - e f f e c t s  on e x p e r im e n ta l  a n im a ls .
T h is  c o n c lu s io n  was b a se d  on th e  f o l lo w in g  s u p p o r t in g  s t u d i e s ,  and 
c a r c i n o g e n i c i t y  s tu d i e s  f o r  th e  wholesotneness t e s t i n g  program:
<*) Induced  r a d i o a c t i v i t y ,  (b) n u t r i e n t  s t a b i l i t y ,  (c )  n u t r i t i o n a l  
adequacy , (d)  t i s s u e  enzym es, (e )  d i g e s t i b i l i t y ,  ( f )  v i ta m in  
n u t r i t i o n ,  (g) ch em ica l c h a n g e s .  He r e p o r t e d  I n  h i s  f l o u r  and shrim p 
d o g - fe e d in g  s t u d i e s  t h a t  d a ta  o b ta in e d  su g g e s te d  a p o s s ib le  In c re a s e d  
in c id e n c e  o f  t h y r o i d i t i s  In  th e  an im als  fe d  th e  d i e t s  I r r a d i a t e d  a t  
5 .5 8  M rads . When a l l  o f  th e  more th a n  two hundred and f i f t y  dogs 
from th e  long  te rm  s tu d i e s  were com pared, an o v e r a l l  t h y r o i d i t i s  
in c id e n c e  o f 17X was found . There were no s i g n i f i c a n t  d i f f e r e n c e s  
betw een  d i e t a r y  or i r r a d i a t i o n  t r e a tm e n ts  ( 7 1 ) .
The p r o b a b i l i t y  o f p ro d u c in g  r a d i o a c t i v i t i e s  i n c r e a s e s  w i th  
r a d i a t i o n  en ergy  o f  th e  s o u rc e ,  and i t  i s  c o n s id e re d  t h a t  r a d i a t i o n s  
w i th  e n e r g ie s  below 10 Mev do n o t  induce  d e t e c t a b l e  l e v e l s  o f  
r a d i o a c t i v i t y  i n  food p ro d u c ts  ( 8 1 ,8 6 ,8 7 ) .  R a d i o a c t i v i t y  a l s o  
i n c r e a s e s  i n  p r o p o r t io n  w i th  abso rbed  dose m agnitude (64) . I t  i s  
g e n e r a l ly  a g reed  t h a t  foods i r r a d i a t e d  a t  th e  ab so rb ed  dose l e v e l  of
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up to  5 Mrad co n ta in  no to x ic  m a ter ia ls  induced by r a d ia t io n  ( 8 1 ) .
Koch e t  j i l  (64) su g g e s te d  t h a t  to  m inim ize th e  e f f e c t  o f  r a d i o a c t i v i t y
o f  i r r a d i a t e d  fo o d s ,  a l low ance  sh o u ld  be made to  l e n g th e n  th e  tim e
betw een  i r r a d i a t i o n  and i n g e s t i o n ,  and food sh o u ld  be p ro c e sse d  w i th
th e  s m a l l e s t  dose m agnitude r e q u i r e d  t o  o b ta in  th e  d e s i r e d  e f f e c t  o f
s t e r i l i z a t i o n  or p a s te u r iz a t io n . In June, 1965, the Surgeon G en eral,
D epartm ent o f th e  Army, co n c lu d ed  in  a  p u b l i s h e d  s ta te m e n t  (2 ) ;
" I n  stannary, i t  can  be s t a t e d  t h a t  food  i r r a d i a t e d  up to  
a b so rb ed  doses o f  5 .6  Mrad w i th  a  c o b a l t - 6 0  so u rc e  o f 
g am m a-rad la tio n  o r  w i th  10 Mev have been  found to  be 
wholesome: i . e .  s a f e  and n u t r i t i o n a l l y  a d e q u a te ."
The p o l i c y  o f  The Food and Drug A d m in is t r a t io n  i s  to  i s s u e  a  
c l e a r a n c e  when i t  i s  s u re  t h a t  th e  i r r a d i a t e d  foods a r e  s a f e .  To d a te ,  
c l e a r a n c e  f o r  p o t a t o e s ,  w heat f l o u r ,  and bacon have been  I s s u e d .  
However, FDA r e fu s e d  r e c e n t l y  th e  c l e a r a n c e  f o r  i r r a d i a t e d  canned 
ham t h a t  had been  dev e lo p ed  by th e  Army group ( 3 ) .  The r e a s o n  was 
t h a t  s u b m it te d  d a ta  were n o t  s u f f i c i e n t  to  show th e  a b s o lu te  s a f e t y  
o f  th e  i r r a d i a t e d  ham. F u r th e rm o re ,  th ey  a re  c o n s id e r in g  com plete  
rev iew  of the  t o x l c o l o g i c a l  a s p e c t  f o r  i r r a d i a t i o n  o f  fo o d ,  even 
though  t h i s  a c t i o n  does n o t  mean " o v e r a l l  condem nation  o f  I r r a d i a t e d  
f o o d s . "  I n  accordance  w i th  t h i s  a c t i o n ,  th e  AEC and th e  Army a re  
e x p e c te d  t o  conduct a more i n t e n s i v e  s tu d y  on th e  s a f e t y  o f  i r r a d ­
i a t e d  foods .
For h igh  energy io n iz in g  r a d ia t io n , X -rays, gamma-rays, or 
f a s t  e le c tr o n s  are used and s im ila r  e f f e c t s  a t  equal dosage l e v e l s  
can  be ob ta in ed  by the use o f  th ese  three r a y s . R ad iation  a c ts  on 
sim ple chem ical sub stan ces as a powerful o x id iz in g  a g en t. A ll  
ra d ia tio n -in d u ced  r e a c t io n s  are in i t i a t e d  by a change in  c o n fig u r a tio n
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and v e l o c i t y  o f  e l e c t r o n s  o f th e  su b s ta n c e  a b s o rb in g  th e  r a d i a n t  
e n e r g y .
S ide  e f f e c t s  o f  I r r a d i a t i o n  a re  u n a v o id a b le  In  foods ( 4 0 ) .
These r a d i a t i o n - I n d u c e d  chem ica l e f f e c t s  fo l lo w  as a  r e s u l t  o f  th e  
t r a n s f e r  o f  some o f  th e  en e rg y  o f  e l e c t r o n i c  e x c i t a t i o n  o r  th e  io n  
n e u t r a l i z a t i o n  i n t o  v i b r a t i o n a l  e n e rg y  s u f f i c i e n t  to  b re a k  b o n d s .
Most o f  th e se  chem ica l e v e n ts  r e s u l t  i n  th e  fo rm a t io n  o f f r e e  
r a d i c a l s ,  w hich may combine w i th  ea c h  o th e r  o r  r e a c t  w i th  o th e r  
m o le c u le s  in  t h e i r  v i c i n i t y ;  th e  u l t im a te  ch em ica l change produced In  
th e  system  I s  d e te rm in e d  by th e  p ro x im ity  o f  th e  a c t i v a t e d  m o lecu les  
o r  r a d i c a l s  to  each  o t h e r  and th e  a c t i v a t i o n  e n e r g ie s  o f  p o s s ib l e  
com peting  r e a c t i o n s .
Two m ajor mechanisms have b een  p roposed  t o  e x p la in  th e  e n e rg y  
t r a n s f e r  be tw een  Im pinging  r a d i a t i o n  and b i o l o g i c a l  s u b s ta n c e s  ( 8 , 
3 8 ) .  A ccord ing  t o  the  f i r s t ,  d i r e c t  t a r g e t  t h e o r y ,  i n a c t i v a t i o n  o f  a  
m o lecu le  such as  an enzyme i s  th e  d i r e c t  r e s u l t  o f  an I o n i z a t i o n  o f 
e x c i t a t i o n  a t  a  s p e c i f i c  s e n s i t i v e  p o in t  on th e  m o le c u le .  To a g r e a t  
e x t e n t ,  t h i s  d i r e c t  t a r g e t  mechanism i s  r e s p o n s ib le  f o r  th e  d e s t r u c ­
t i o n  o f the  m icrobes  i n  foods w hich  cause  s p o i l a g e  ( 4 2 ) .  A ccording  
t o  th e  second mechanism, th e  i n d i r e c t  t a r g e t  t h e o r y ,  w a te r  p lay s  a 
key  r o l e  as th e  en e rg y  a c c e p to r .  I t  has been  shown c o n c lu s iv e ly  
t h a t  I r r a d i a t i o n  o f  w a te r  le a d s  to  th e  fo rm a t io n  o f  a (a )  h y d ra te d  
e l e c t r o n ,  (b)  hydrogen atom, and (c )  hyd roxy l r a d i c a l . The e l e c t r o n  
I s  a r e d u c in g  r a d i c a l ,  and t y p i c a l l y  red u ces  c a rb o n y l  compounds and 
m e ta l  i o n s .  The hydrogen atom can a c t  as a r e d u c in g  ag en t  b u t  more 
f r e q u e n t l y ,  i t  a c t s  as  an o x id i z in g  a g e n t  by a b s t r a c t i n g  a n o th e r  
hydrogen atom. The e l e c t r o n  I s  a more e f f e c t i v e  r e d u c in g  ag en t  th an
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th e  hydrogen atom . The hydroxy l r a d i c a l  I s  an o x id i z in g  s p e c ie s  and 
i n  g e n e r a l  a l s o  a c t s  by a b s t r a c t i n g  a hydrogen atom . I n  th e  p re se n c e  
o f  oxygen, th e  e l e c t r o n  and th e  hydrogen atom a re  b o th  removed by 
r a p i d  r e a c t i o n s  to  form th e  p e rh y d ro x y l r a d i c a l  (O2 and HO^, 
r e s p e c t i v e l y ) . These ch em ica l e n t i t l e s  can th e n  I n a c t i v a t e  key  
m e ta b o l ic  compounds as  a  r e s u l t  o f  t h e i r  o x id a t iv e  a b i l i t y .  I n  
g e n e r a l  th e  I n d i r e c t  t a r g e t  th e o ry  I s  p r e f e r r e d  t o  the  d i r e c t  t a r g e t  
t h e o r y .
One of th e  main r e a s o n s  f o r  a p p ly in g  r a d i a t i o n  t o  foods I s  to  
d e s t r o y  s p o i l a g e  m icroo rgan ism s and some a u t o l y t l c  enzymes. T h is  
can  be done by u s in g  a  s t e r i l i z a t i o n  dose l e v e l  w hich p e rm its  
s t e r i l i z e d  food to  be s t o r e d  w i th o u t  r e f r i g e r a t i o n  f o r  a long  t im e .  
A nother r e a s o n  I s  t o  I n h i b i t  the m ic r o b io lo g ic a l  a c t i v i t y  by u s in g  
a  p a s t e u r i z a t i o n  dose l e v e l ,  a lo n g  w i th  a n o th e r  means su ch  as s to r a g e  
i n  i c e  f o r  p ro lo n g in g  th e  s h e l f  l i f e .  A p a s t e u r i z a t i o n  dose i s  l e s s  
th a n  1 .0  Mrad and i s  u s u a l l y  c o n s id e re d  to  be betw een  0 .2  and 0 .6  Mrad. 
A s t e r i l i z a t i o n  dose i s  g r e a t e r  th a n  1 .0  Mrad and u s u a l l y  c o n s id e re d  
betw een 2 .0  and 6 .0  Mrad (6 1 ) .
S ch w aig er t  (83) s t a t e d  t h a t  changes in  foods t h a t  have been 
i r r a d i a t e d  appear  to  be p a r t l y  r e l a t e d  to  changes in  th e  p r o t e i n .
M eat, f o r  exam ple , ap p e a rs  to  have a red u ced  w a te r  h o ld in g  c a p a c i ty  
w hich presum ably i s  due to  a l t e r a t i o n  i n  th e  a f f i n i t y  o f  d e n a tu re d  
p r o t e in s  f o r  w a te r .  He a l s o  s t a t e d  t h a t  marked p h y s ic a l  and 
b i o l o g i c a l  changes have b een  n o te d  in  p r o te in s  s u b je c te d  to  io n iz in g  
r a d i a t i o n  i n  s p i t e  o f  th e  f a c t  t h a t  r e l a t i v e l y  few o f  th e  chem ical 
bonds i n  th e  m a t e r i a l s  i r r a d i a t e d  have been  b ro k e n .  The major 
chem ica l changes in  i r r a d i a t i o n  of p r o te in s  in c lu d e  d e n a tu r a t lo n ,
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d e g r a d a t io n ,  and p o ly m e r iz a t io n  ( 8 3 ,8 4 ,8 9 ) .  V i s c o s i t i e s  o f  p r o t e i n  
s o l u t i o n s  i n c r e a s e  and s o l u b i l i t i e s  d e c re a se  w i th  i r r a d i a t i o n .  F or  
exam ple , i r r a d i a t e d  s o lu t i o n s  o f  c a s e in  form an in s o lu b l e  g e l .  The 
p r im ary  ch em ica l change a p p ea rs  to  in v o lv e  th e  s u l f h y d r y l  bond i n  th e  
p r o t e i n  and p o s s ib ly  th e  p h e n o l ic  group o f  t y r o s i n e .  The o x id a t iv e  
e f f e c t s  on th e  s u l f h y d r y l  g roups r e s u l t  i n  p o ly m e r iz a t io n  th ro u g h  
d i s u l f i d e  b o n d s . The v i s c o s i t y  o f  egg a lbum in s o l u t i o n s  exposed  to  
a l p h a - p a r t i c l e s  I s  I n c re a s e d  I f  th e  p r o t e i n  s o l u t i o n  i s  a t  o r  below 
th e  i s o e l e c t r i c  p o in t  o f  egg a lbum in , b u t  I s  d e c re a se d  i f  th e  pH of 
th e  s o l u t i o n  i s  above t h a t  o f  I s o e l e c t r i c  p o in t  ( 5 0 ) .
The a c t iv i t y  o f  enzymes a f te r  ir r a d ia t io n  has r e c e iv e d  a g rea t  
d ea l o f  a t te n t io n  because o f the e f f e c t s  o f  th ese  sub stan ces on the 
q u a lity  o f  fr e sh  foods th a t have been s to red  fo r  vary in g  p eriod s o f  
t im e . Enzymes are r e la t iv e ly  r e s is t a n t  to  in a c t iv a t io n  by ir r a d ia ­
t io n  ( 5 0 ,3 8 ) .  In most c a s e s ,  in a c t iv a t io n  req u ir e s  5 Mrads, w h ile  
many p r o te o ly t ic  enzymes req u ire  12 to  70 Mrads. S u lfh yd ry l con ta in in g  
enzymes are more s e n s i t iv e  to  ir r a d ia t io n .  Enzymes are l e s s  s ta b le  
in  pure s o lu t io n s  than in  complex m ixtures or in  the dry s t a t e .  For 
exam ple, c a ta la se  in  s o lu t io n  i s  in a c t iv a te d  by 0.025  Mrads and in  
p o ta to e s , by 5 Mrads.
Brooke ejt ail (16) rep orted  th a t amino a c id s  in  haddock f i l l e t s  
ir r a d ia te d  a t the dose l e v e l  o f  0 .1 5  Mrad under vacuum and 0 .25  
Mrad in  the a ir  d id  not vary even  a f te r  30 d ays. Storage in  ic e  
had no e f f e c t  on amino a c id s  in  the sample a f te r  ten  d ays. They 
a ls o  found th a t ir r a d ia t io n  o f  haddock f i l l e t s  a t the dose le v e l  o f
2 .5  Mrads did not a f f e c t  the v itam in  B s e r ie s  ex cep t to  produce 
s l i g h t  lo s s e s  o f r ib o f la v in  and th iam in e.
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Johnson  e t  a l  (57) s tu d i e d  th e  e f f e c t  o f  r a d i a t i o n  on th e  amino 
a c id s  and th e  r e s u l t s  showed t h a t  ap p ro x im a te ly  357. o f  c y s t i n e  and 
a p p ro x im a te ly  167. o f  t ry p to p h a n  were d e s t ro y e d  a t  10 Mrad, w h ile  
a r g i n i n e ,  p h e n y la la n in e ,  and t y r o s i n e  were n o t  d e s t ro y e d  a t  a l l .  The 
r e s t  o f  th e  amino a c id s  showed s l i g h t  d e s t r u c t i o n .
S o u th e rn  e t  _al (90) found some u n u su a l e f f e c t s  o f  pH on 
r a d i a t i o n - i n d u c e d  changes i n  amino a c id s :  p o ly -  & , L -g lu ta m lc  a c id
showed an In c re a s e  In  v i s c o s i t y  below pH 4 and a  d e c re a se  above pH 4 
a f t e r  i r r a d i a t i n g  a t  th e  dose l e v e l  o f  1 Mrad and p o ly -o < , L - ly s in e  
showed a  s m a l le r  v i s c o s i t y  d e c re a se  over  th e  range  o f  pH 3-4 th a n  a t  
e i t h e r  s id e  o f t h i s  ran g e  a t  th e  dose l e v e l  a t  0 .2  Mrad. Thus, th e  
e f f e c t  o f  pH was q u a l i t a t i v e l y  s im i l a r  i n  th e s e  two c a s e s . An 
ad eq u a te  e x p la n a t io n  o f th e se  r e s u l t s  i s  l a c k in g  e x c e p t  f o r  p o ly -  ct , 
L -g lu ta m ic  a c id  in  w hich the  c h a rg e  on the  s id e  c h a in s  changes over 
th e  pH ran g e  i n  q u e s t io n  and c o u ld  a l lo w  c r o s s - l i n k i n g  below pH 4 and 
p re v e n t  i t  above pH 4 by charg e  r e p u l s i o n .
Mead (72) s t a t e d  t h a t  a l l  v i ta m in s  a re  d e s t ro y e d  to  some e x t e n t  
by  i o n i z i n g  r a d i a t i o n .  But th e  v i ta m in s  a re  much more r e s i s t a n t  to  
d e s t r u c t i o n  when i r r a d i a t e d  In  t h e i r  n a t u r a l  s t a t e ,  i n  a r t i f i c i a l  
food  m ix tu re  o r  in  f ro z e n  s t a t e .  There  i s  no e v id en ce  t h a t  to x ic  
s u b s ta n c e s  a r e  produced d u r in g  i r r a d i a t i o n  o f  v i t a m in s .
Dassow e t  a l  (24) s tu d i e d  th e  f e a s i b i l i t y  o f  u s in g  low dose 
I r r a d i a t i o n  on King c r a b ,  Dungeness c r a b ,  and p e t r a l e  s o le  i n  o rd e r  to  
a c h ie v e  a marked r e d u c t io n  o f  s p o i l a g e  m icroo rgan ism s and , t h u s ,  to  
e x te n d  th e  a c c e p ta b le  r e f r i g e r a t e d  s to r a g e  l i f e  o f  th e  f i s h  by 
s e v e r a l  w eeks. The r e s u l t  o f  t h e i r  o r g a n o l e p t i c ,  b a c t e r i o l o g i c a l ,  
and chem ica l  t e s t s  showed t h a t  th e  d e s i r e d  s h e l f  l i f e  co u ld  be
s u c c e s s f u l l y  e x te n d e d  f o r  f o u r  weeks o r  more a t  33°F w i th  0 .2  Mrad.
In  th e ir  b a c t e r io lo g ic a l  s tu d y , they found th a t the p sy c h r o p h ilic  
b a c te r ia l  counts were e s s e n t i a l l y  n i l  im m ediately a f te r  ir r a d ia t io n  
o f  crab m eat, and s p o ila g e  o f  the ir r a d ia te d  products d id  not occur
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u n t i l  th e  t o t a l  b a c t e r i a l  p o p u la t io n  approached  1 x 10 p e r  gram . I n
n o n - I r r a d i a t e d  sa m p les ,  s p o i l a g e  g e n e r a l l y  o c c u r re d  when th e  b a c t e r i a l
6p o p u la t io n  r e a c h e d  1 x 10 p e r  gram o f  sam ple .  I t  was co n c lu d ed  from 
th e s e  r e s u l t s  t h a t  a p p a r e n t ly  low dose i r r a d i a t i o n  n o t  o n ly  red u ced  
th e  number o f i n i t i a l  s p o i l a g e  m ic ro o rg an ism s ,  b u t  a l s o  damaged o r  
a l t e r e d  th e  b io c h e m ic a l  a c t i v i t y  o f  v i a b l e  m icroo rgan ism s in  th e  
s to r e d  sam ple .  They a l s o  found t h a t  t r im e th y la m ln e  was n o t  a r e l i a b l e  
index  o f  q u a l i t y  b ecau se  th e  p ro d u c t io n  o f t r lm e th y la m ie n  was 
r e t a r d e d  c o n s id e r a b ly  i n  th e  i r r a d i a t e d  p ro d u c t .
Kempe (62) c a u t io n e d  t h a t  r a d i a t i o n  p a s t e u r i z a t i o n  m ight 
s e l e c t i v e l y  red u ce  th e  m ic r o b ia l  p o p u la t io n s  and a t  th e  same tim e 
d ev e lo p  r e s i s t a n t  m ic ro b ia l  p o p u la t io n s .  T h is  would be  p o t e n t i a l l y  
v e ry  dangerous  i f  th e  s u r v iv in g  organ ism s were p a th o g e n ic .
Novak £ t  a l  (78) i n d i c a t e d  t h a t  th e  fo l lo w in g  f a c t o r s  a re  
im p o r ta n t  i n  a s c e r t a i n i n g  th e  s to r a g e  q u a l i t y  o f  shrim p a f t e r  
I r r a d i a t i o n :  (a )  th e  p ro c e d u re  employed f o r  o b ta in in g  f r e s h  sh rim p ,
(b) th e  method o f  h a n d l in g  and s t o r i n g ,  and (c )  th e  tim e o f  h o ld in g  
p r i o r  t o  i r r a d i a t i o n .  They a l s o  em phasized  t h a t  q u a l i t y  o f  shrim p i s  
n o t  improved by r a d i a t i o n  p a s t e u r i z a t i o n  and, t h e r e f o r e ,  on ly  
p ro d u c ts  o f  h ig h  q u a l i t y  a r e  l i k e l y  to  be p r e s e rv e d  s u c c e s s f u l l y  by 
i r r a d i a t i o n .
Novak (75) and Novak et^ a l  (76) have r e p o r t e d  t h a t  low dose 
I r r a d i a t i o n  o f shrim p w i th  c o b a l t - 6 0  ex ten d ed  t h e i r  i c e d  s to r a g e  l i f e
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a t  l e a a t  10 days more th a n  t h a t  o f  n o n - I r r a d i a t e d  shrim p from th e  same 
c a t c h .  A r a d i a t i o n  dose o f  0 .1 5 -0 .2 0  Mrad gave a  maximum p r o t e c t io n  
w i th o u t  u n d e s i r a b le  ch em ica l o r  p h y s ic a l  c h a n g e s .  A dose l e v e l  h ig h e r  
th a n  0 .2  Mrad r e s u l t e d  in  o f f - f l a v o r s .  T e s ts  In  w hich  shrim p from 
com m ercial b o a t s  were used  i n d i c a t e d  t h a t  l a r g e  s c a l e  r a d i a t i o n  
p a s t e u r i z a t i o n  I s  f e a s i b l e , even  when th e  shrim p a r e  k e p t  In  i c e  f o r  
t h r e e  o r  f o u r  days p r i o r  to  i r r a d i a t i o n .
Based on th e  p r e l im in a r y  s t u d i e s  done by many government 
l a b o r a t o r i e s  and u n i v e r s i t i e s ,  AEC i s  now s tu d y in g  th e  com m ercial 
p o s s i b i l i t i e s  o f  th e  i r r a d i a t i o n  p ro c e ss  by u s in g  a  p i l o t  s c a l e  on­
b o a rd  s h ip  i r r a d i a t o r ,  a r e s e a r c h  i r r a d i a t o r ,  a  m obile  gamma i r r a d ­
i a t o r ,  and a  Hawaiian developm ent i r r a d i a t o r  ( 86) .
A m i le s to n e  i n  th e  program of com m erical a p p l i c a t i o n  o f  
i r r a d i a t i o n  o c c u r re d  in  1966 w i th  th e  f i r s t  s u c c e s s f u l  p r o d u c t io n  o f  
an i r r a d i a t i o n - s t e r i l i z e d  fo o d .  The D efense Supply Agency p ro cu red  
from two co m n erc ia l  p ro d u c e rs  30,000 pounds o f  canned s h e l f - s t a b l e  
bacon w hich  s c o re d  v e ry  w e l l  when e v a lu a te d  by A ir  F o rce  and Army 
p e r s o n n e l .  I r r a d i a t e d  p o ta to e s  and w heat f l o u r  were s u c c e s s f u l l y  
p roduced  com m erc ia lly  in  1968 ( 86) .
Novak e t  a l  (35) and K o p f le r  (65) r e p o r t e d  t h a t  low dose 
g a n m a - i r r a d i a t i o n  o f  f r e s h  sh rim p  p r i o r  t o  i c e  s to r a g e  reduced  th e  
a c t i v i t y  o f  p h e n o la se s  and th u s  re ta rd ed  th e  m e la n o s is  and developm ent 
o f  u n d e s i r a b le  o r g a n o le p t i c  q u a l i t i e s .  But th e  i r r a d i a t i o n  o f  
com m ercial shrim p in  w hich  m e la n o s is  had a l r e a d y  begun a c c e l e r a t e d  
r a t h e r  th a n  r e t a r d e d  th e  r e a c t i o n .
S ch w elg e r t  _et ail (84) and Horne £ t  Al (48) su g g e s te d  t h a t  low 
dose i r r a d i a t i o n  o f f r e s h  b e e f  co u p led  w i th  p ro p er  r e f r i g e r a t i o n  may
25
o f f e r  more prom ise f o r  commercial a p p l i c a t i o n  o f  i r r a d i a t i o n  th a n  th e  
use  o f  s t e r i l i z a t i o n  dosages to  p ro lo n g  th e  s h e l f  l i f e  o f f r e s h  b e e f .  
The advan tage  o f  t h i s  co m b in a tio n  p ro c e ss  i s  th e  f a c t  t h a t  the  
p s y c h r o p h i l e s , such  as pseudomonas, w hich  a r e  r e s p o n s i b le  f o r  
s p o i l a g e ,  a r e  s e n s i t i v e  to  i r r a d i a t i o n .  F u r th e rm o re ,  p a th o g e n ic  
b a c t e r i a  do n o t  dev e lo p  a t  below  5°C (49) .
Many w orkers  (4 2 ,5 0 ,8 3 )  examined th e  e f f e c t s  o f  t e m p e ra tu re ,  
p re se n c e  o f  d i s s o lv e d  oxygen, and c o n c e n t r a t i o n  o f p r o t e i n s .  A 
red u ced  te m p e ra tu re  d u r in g  I r r a d i a t i o n  p r o t e c t s  p r o t e i n s ,  su c h  as 
serum and egg a lbum in , from i r r a d i a t i o n  damage ( 8 3 ) .  S o u th e rn ,  e t  
(89) found t h a t  a m ajo r  e f f e c t  o f  r a d i a t i o n  on s y n t h e t i c  po ly-am ino  
a c id s  i n  d i l u t e  aqueous s o l u t i o n  in  th e  absence  o f oxygen i s  
s c i s s i o n  o f  th e  p e p t id e  l in k a g e s  w i th  fo rm a t io n  o f  amide and ca rb o n y l  
g ro u p s .  The p re se n c e  of oxygen I n c re a s e s  th e  d e s t r u c t i o n  o f  amino 
a c id s  and th e  amount o f  amine n i t r o g e n  form ed. I t  a l s o  in f lu e n c e s  
m o d i f i c a t i o n  o f amino a c id  s id e  c h a i n s .  Thus, a  m ajor p ro d u c t  from 
p o ly - o f ,  L -g lu ta m ic  a c id  i r r a d i a t e d  i n  th e  p re se n c e  o f  oxygen i s  
a s p a r t i c  a c i d ,  w hich i s  formed on ly  in  t r a c e s  i n  th e  absence  o f 
oxygen.
I s e  e t  a l  (50) s t a t e d  in  t h e i r  l i t e r a t u r e  rev iew  t h a t  i r r a d i a -  
ot i o n  a t  o r  below  0 C p re v e n te d  p r e c i p i t a t i o n .  T h is  r e s u l t e d  from th e  
a p p a re n t  r e s i s t a n c e  o f th e  p e p t id e  c h a in  to  r e a c t  w i th  th e  hydrogen 
bonds due to  th e  d im in ish e d  th e rm a l a g i t a t i o n .  I n  th e  p re se n c e  of 
oxygen, seco n d ary  p ro d u c ts  o f  r a d i a t i o n  (hydrogen p e ro x id e  and HO^  
r a d i c a l )  c o u ld  a l t e r  th e  fo ld e d  m o le c u le ,  w hich i s  h e ld  i n  i t s  shape 
by hydrogen b o n d s .  These l a t t e r  a re  e a s i l y  r u p tu r e d  by th e se  
r e a c t i v e  r a d i c a l s .  The e f f e c t  o f  c o n c e n t r a t i o n  o f th e  p r o t e in  was
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found to  be independent w ith  the degree o f  a l t e r a t io n .
In an attem pt to  reduce the u n d esira b le  s id e  r e a c t io n s  In
products ir r a d ia te d , Brasch e t  a l  (15) ir r a d ia te d  b ovin e plasma
album in  a t  -50°C w i th  700 ,000 r e p  in  th e  form o f  h ig h  speed  e l e c t r o n s ,  
oAt -5 0  C, I r r a d i a t i o n  had l i t t l e  e f f e c t  on th e  p lasm a, w h e reas ,  a t
room tem perature, profound changes were produced. Removal o f  oxygen
p r io r  to  ir r a d ia t io n  was e f f e c t i v e  in  avo id in g  changes in  t a s t e s  and
od o rs . Grecz e t  a l  (40) rep orted  th at the b ee f ir r a d ia te d  a t -196°C
w ith  l iq u id  n itro g e n  had a co n sid era b ly  b e t te r  appearance and odor
othan corresponding samples ir r a d ia te d  a t 0 C.
But the l e t h a l  e f f e c t  o f  ganma-rays on the in o cc u la te d  C l . botullnum
o od e c re a se d  a t  -196 C as compared w i th  0 C by 13.5% i n  p hospha te  b u f f e r ,
and 47% i n  ground b e e f .
Josephson e t  a l (6 0 ,6 1 )  s tu d ie d  the s t e r i l i z a t i o n  o f  se v e r a l  
food item s in c lu d in g  shrim p. They rep orted  th a t cooked shrimp 
ir r a d ia te d  between 4 .5  and 5 .6  Mrad a t the tem perature o f -30  + 10°C 
was a c c e p ta b le . Low tem perature ir r a d ia t io n  and precooking r e sp e c ­
t iv e ly  were shown to  be a b a s ic  requirem ent fo r  producing a ccep ta b le  
shrimp in  order (a ) to  m inim ize the s id e  e f f e c t s  such as o f f - f la v o r  
due to  ir r a d ia t io n ,  and (b) to  in a c t iv a te  the enzym es, s p e c i f i c a l ly  
the p r o te o ly t ic  enzym es.
MATERIALS AND METHODS
A. M a te r i a l s
S e v e ra l  e x p lo r a to r y  ex p e r im e n ts  were conduc ted  w i t h  d i f f e r e n t  
b a tc h e s  o f  shrim p sa m p le s ,  a l l  o f  w hich were th e  same s p e c i e s ,  Peneus 
a z te c u s  (brown s h r im p ) ,  which i s  th e  most abundant s p e c ie s  found 
a lo n g  th e  L o u is ia n a  G u lf  c o a s t .
For E xperim en t I ,  l i v e  shrim p o f 70-80 shrim p p e r  pound were 
p u rch ased  from a n a t i v e  f ish e rm a n  a t  H opedale , S t .  B e rn a rd  P a r i s h ,
40 m ile s  s o u th e a s t  o f  New O r le a n s .  The l i v e  shrim p were beheaded  
im m ed ia te ly  a t  t h a t  l o c a t i o n .  A f te r  b e in g  t r a n s p o r t e d  i n  ic e  to  th e  
l a b o r a t o r y  t h r e e  hours  l a t e r ,  th e  shrim p were washed th o ro u g h ly  w i th  
t a p  w a te r .  Then th e y  were random ly d iv id e d  i n t o  fo u r  1-pound l o t s  
and were packed i n t o  double  m ylar bags w hich were h e a t - s e a l e d .  These 
p ro c e s s e d  sam ples were im m ed ia te ly  s to r e d  i n  a c o ld  room a t  2°C. At 
1 , 7 , 14 , and 28 days th e y  were removed f o r  v i s c o s i t y  m easurem ents 
and t o t a l  b a c t e r i a l  c o u n t .
F o r E xperim en t I I ,  shrim p o f 50-60 shrim p p e r  pound were 
p u rch ased  th ro u g h  a l o c a l  d e a l e r  in  B aton  Rouge. The h i s t o r y  of th e  
shrim p c o u ld  n o t  be t r a c e d .  A f te r  b e in g  p ro c e sse d  e x a c t l y  th e  same 
way as i n  E xperim en t I ,  sam ples were removed th e  f i r s t  and 
f o u r t e e n t h  day f o r  v i s c o s i t y  and e x t r a c t  r e l e a s e  volume (ERV) 
m easu rem en ts .
E xperim en t I I I  was con d u c ted  to  d e te rm in e  th e  e f f e c t  o f
r a d i a t i o n  on shrim p q u a l i t y  a t  d i f f e r e n t  dosage l e v e l s  (0 .1  and 0 .4
oMrad) a t  d i f f e r e n t  te m p e ra tu re s  (25 C- am bien t room te m p e ra tu re  and
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-30°C u s in g  l i q u i d  n i t r o g e n ) .
F o r  t h i s  e x p e r im e n t ,  f r e s h  shrim p o f  50-60 shrim p p e r  pound
were o b ta in e d  from th e  same f ish e rm a n  a t  H opedale . The shrim p had
b een  s t o r e d  i n  i c e  f o r  24 hours  b e fo re  b e in g  p u rc h a se d .  Upon a r r i v a l
a t  th e  l a b o r a t o r y  th r e e  hours  l a t e r ,  th e  shrim p were im m ed ia te ly
beheaded and washed thoroughly w ith  tap w a ter . Then a l l  samples were
randomly d iv id ed  in to  tw enty 1-pound l o t s  and packed in to  double
Mylar bags which were then h e a t -s e a le d .
The packed shrim p were a g a in  random ly d iv id e d  I n to  f i v e
p o r t i o n s :  (a )  c o n t r o l ,  (b) 0 .1  Mrad a t  25°C, (c )  0 .1  Mrad -30°C w i th
l iq u id  n itr o g e n , (d) 0 .4  Mrad a t  25°C, and (e )  0 .4  Mrad a t -30°C w ith
l i q u i d  n i t r o g e n .  A l l  sam ples were s to r e d  in  Ic e  o v e r n ig h t  In  a  c o ld  
o
room a t  2 C. The n e x t  day , f o u r  p o r t i o n s  (16 l o t s )  were i r r a d i a t e d  
a c c o rd in g  to  th e  p r o c e d u re .
A f t e r  t r e a tm e n t ,  th e  sam ples were s to r e d  in  i c e  u n t i l  each  
group o f  f i v e  samples was ta k e n  o u t  a t  seven  day i n t e r v a l s  f o r  tw en ty -  
one days f o r  the  v i s c o s i t y  m easurem ents , o r g a n o le p t ic  e s t i m a t i o n ,  
t o t a l  b a c t e r i a l  c o u n t ,  ERV t e s t ,  and b la c k  s p o t  c o u n t in g .  P e rc e n t  
e x t r a c t a b i l l t y  o f  s a rc o p la s m ic  and t o t a l  s o lu b le  p r o te in s  was 
o b ta in e d  f o r  th e  c o n t r o l  and th e  sample i r r a d i a t e d  a t  25°C w i th
0 .4  Mrad.
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B.  Methods
The fo l lo w in g  were th e  methods w hich were used  c o n s i s t e n t l y  
th ro u g h o u t  th e s e  e x p e r im e n ts :
(1 )  D e te rm in a t io n  o f  a p p a re n t  v i s c o s i t y  o f  shrim p homogenate
The sh rim p  hom ogen iza tion  method f o r  E xperim en t 1 was d i f f e r e n t  
from th o se  o f  E x p e rim en t I I  and I I I :  one hundred  and tw en ty  grams o f
p e e le d  and d ev e ln ed  sh rim p  were w eighed and t r a n s f e r r e d  t o  a  S o r v a i l  
om ni-m lxer s t a i n l e s s  s t e e l  c o n ta in e r  (4 0 0 -m l) . The c o n ta in e r  was 
c o m p le te ly  f i l l e d  w i th  b u f f e r  s o l u t i o n ,  pH 7 .4  (1 .1  M KI and 0 .1  M 
K -p h o sp h a te ) , and th e  sam ples  were b le n d e d  f o r  5 m inu tes  a t  th e  
s c a l e  "4" o f  th e  om ni-m lxer.
The c o n t a i n e r  was p la c e d  i n  an i c e - w a te r  m ix tu re  d u r in g  b le n d in g .  
The f i n a l  te m p e ra tu re  o f  th e  homogenate a f t e r  b le n d in g  was from 6 .0  
to  7 .0 °C . Then th e  sample was d iv id e d  i n t o  two p o r t i o n s  by 
t r a n s f e r r i n g  to  two 250-ml b e a k e r s .
For E xperim en t I I  and I I I ,  th e  method o f  Awad e t  ^1  (7) was 
used  f o r  th e  m a c e ra t io n  o f p e e le d  and d ev e ln e d  shrim p and i t s  homoge­
n a t e .  About 300-grams o f  p e e le d  sh r im p , ground In  a H obart meat g r in d e r  
w i th  a p l a t e  hav ing  1 /8 "  h o l e s ,  was mixed w i th  dry  i c e  (300-grams o f  
ground shrim p to  5 pounds o f  d ry  I c e )  i n  a  Waring B lendor  to  
e x t e n s iv e ly  d i s r u p t  th e  m uscle  f i b e r s  . The m a c e ra t io n s  were done In  
s e v e r a l  d i f f e r e n t  b le n d in g  j a r s  b ecau se  o f  t h e i r  sm a ll  c a p a c i t y .
T h is  d ry  Ic e  p ro ced u re  was used  to  p re v e n t  p r o t e in  i n s o l u b i l i z a t i o n  
d u r in g  t i s s u e  m a c e ra t io n .  A f te r  thaw ing a t  am bient room te m p e ra tu re ,
75 grams o f m a ce ra ted  shrim p was d i s p e r s e d  w i th  175 ml o f  b u f f e r  
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s o l u t i o n ,  pH 7 .4  (1 .1  M KI fit 0 .1  M K -phospha te )  i n  a 1 - l i t e r  Waring
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b le n d o r  f o r  1 m in u te .  Extrem e c a r e  was ta k e n  to  m inim ize foam
form ation  by u sin g  the method o f  Dyer ejt a l (28) and by usin g  the
o
lo w e s t  speed  o f  th e  B lendor a t  2 C. T h is  In v o lv e d  th e  use o f a 
p l a s t i c  p l a t e  w hich  l o o s e ly  f i t  th e  B len d o r  j a r  and was h e ld  j u s t  
below  th e  s u r f a c e  of th e  homogenate w i th  a  h a n d le .  The shrim p 
homogenate was t r a n s f e r r e d  t o  a 250-ml b e a k e r .
The same p ro c e d u re  f o r  th e  measurement o f  a p p a re n t  v i s c o s i t y  of 
th e  shrim p homogenate was used I n  a l l  ex p e r im e n ts  . The 250-ml b e a k e r  
c o n ta in in g  th e  homogenate was immersed i n  an i n s u l a t e d  w a te r  b a th ,  
th e  te m p e ra tu re  o f  w hich was m a in ta in e d  a t  5 .5  + 0 .5°C by c i r c u l a t i n g  
th e  w a te r  w i th  a  1 /15 HP pump th ro u g h  a 3 /8"  d ia m e te r  copper  tube  
from M agnl-W hirl c o n s ta n t  te m p e ra tu re  b a t h .  A 1 /15  HP v a r i a b l e  
speed  L ig h tn in g  M ixer w i th  1" Im p e l le r  was u sed  to  m a in ta in  th e  
te m p e ra tu re  o f  th e  w a te r  un ifo rm  and c o n s ta n t  i n  th e  b a t h .  The b a th  
was i n s u l a t e d  by s h e e t s  o f  a s b e s t o s .
When the tem perature of the homogenate became co n sta n t a t
5 .5  + 0 .5 °C , the v i s c o s i t y  was measured by means of a B ro o k fie ld  
S y n ch r o lec tr ic  V iscom eter , Model LVT w ith  sp in d le  No. 2 a t a co n sta n t  
speed o f 30 rpm, u n less  s p e c if ie d  o th er w ise . This i s  an e ig h t-sp e e d  
Instrum ent w ith  maximum v i s c o s i t y  range o f 2 ,0 0 0 ,0 0 0  c e n t ip o is e s .
The instrum ent g iv e s  the v i s c o s i t y  read in g  through a c a lib r a te d  
sp r in g  which tran sm its the torque req u ired  to  d rive  the sp in d le  a t  
co n sta n t sp eed . The instrum ent was operated  accord ing to  the 
m anufacturer's d ir e c t io n s  ( 6 ) .
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(2 )  The e s t i m a t i o n  of s a rc o p la s m ic  and t o t a l  s o lu b le  p r o te I n s
Sarcoplasm ic and t o t a l  s o lu b le  p r o te in s  were estim a ted  by the
method o f  H elander  (44) . S e q u e n t ia l  e x t r a c t i o n  p ro c e d u re s  gave fo u r
e x t r a c t s  (B, C, D, and E ) , the  n i t r o g e n  c o n te n t  o f  e a c h ,  t o g e th e r  w i th
th a t o f  shrimp t is s u e  (S o lid  A ), p erm itted  the c a lc u la t io n  o f th ree
p r o t e i n  components in  sh rim p , nam ely , (a )  t o t a l ,  (b) s a rc o p la s m ic ,
and (c )  m y o f l b r i l a r .  A t o t a l  o f  f i v e  s u b s ta n c e s ,  f r o z e n  shrim p and
th e  above fo u r  e x t r a c t s ,  were a n a ly zed  f o r  n i t r o g e n  by K je ld a h l
*
p r o c e d u re s , o f  w hich  two w ere m ic ro -  and t h r e e  were m a c ro - . The 
m a c ro -K je ld a h l  p ro ced u re  was u sed  to  d e te rm in e  th e  t o t a l  n i t r o g e n  
c o n te n t  i n  shrim p (S o l id  A) and i n  E x t r a c t  B w hich  r e p r e s e n t e d  th e  
sum of th e  n i t r o g e n  c o n te n t s  of s a rc o p la s m ic  p r o te in s  and n o n - p ro te in  
e x t r a c t ,  and In  E x t r a c t  D w hich  r e p r e s e n t e d  th e  sum of th e  n i t r o g e n  
c o n te n t s  i n  sa rc o p la sm ic  p r o t e in s  n i t r o g e n  p lu s  m y o b i f r i l a r  p r o te in s  
n i t r o g e n  p lu s  n o n - p r o t e in  n i t r o g e n  e x t r a c t .  The m ic ro -K je ld a h l  
p ro ced u re  was used  to  d e te rm in e  th e  n i t r o g e n  c o n te n t  o f  E x t r a c t  C 
and E x t r a c t  E , ea c h  o f  w hich r e p r e s e n t e d  n o n - p r o t e in  e x t r a c t .  The 
r e l a t i o n s h i p  among th e s e  n i t r o g e n  v a lu e s  may be summarized as  f o l lo w s ,  
w i th  th e  c a l c u l a t e d  v a lu e s  b e in g  i n d i c a t e d  by an a s t e r i s k :
A - C ■ ( 1 ) * ,  and l i k e w i s e ,  A -  E ■ ( 1 )* ,  where (1)** 
t o t a l  p r o t e in
B - C * ( 2 )* ,  where (2 )*  ■ s a rc o p la s m ic  p r o t e in
★ itD -  B ■ (3 )  , where (3) ■ m y o f l b r i l a r  p r o t e i n
* *
D -  E * (4 )  , where (4 )  ■ s o lu b le  p r o t e i n ,  which
a l s o  e q u a ls  (2 )*  + (3 )*
The p r e p a r a t i o n s  o f  th e  f ro z e n  shrim p t i s s u e ,  S o l id  A, and 
E x t r a c t s  B, C, D, and E a re  o u t l i n e d  be low , r e s p e c t i v e l y ,  under 
P ro ced u res  A, B, C, D, and E .
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P rocedure  A. I n to  a  2 , 200-1111 w ax -co a ted  s tu r d y  c a rd b o a rd  
c o n ta in e r  was p la c e d  one l i t e r  o f  l i q u i d  n i t r o g e n .  To t h i s  was added 
f i v e  b eh ead ed , p e e le d  sh rim p  t o t a l l i n g  about 20 gram s. A f te r  abou t 
one m inu te  o f  c o n t a c t  th e  l i q u i d  n i t r o g e n  was d ecan ted  and th e  shrim p 
were t r a n s f e r r e d  t o  a  p l a s t i c  bag  w hich was th e n  s t o r e d  In  a  c o ld  
room a t  -25 C. W ith in  48 hours  th e  shrim p were s e c t io n e d  w i th  a 
f r e e z i n g  microtome (Lab Tek In s t ru m e n t  C o .)  a t  -10°C I n to  s l i c e s  
a p p ro x im a te ly  50^  t h i c k .  D uring th e  s e c t i o n i n g  o p e r a t io n ,  which 
r e q u i r e d  abou t two hours  f o r  th e  20 grams o f f ro z e n  sh rim p , th e  
te m p e ra tu re  o f th e  shrim p s e c t io n s  d id  n o t  r i s e  above -10°C . The 
s e c t i o n s  o f  sh rim p  were th o ro u g h ly  mixed I n  a  250-ml b eak er  
su rro u n d e d  by dry  I c e .  S ix  1-gram  a l i q u o t s  o f  f ro z e n  s e c t io n e d  
shrim p were t r a n s f e r r e d  from th e  b e a k e r  I n to  t a r e d  5 0 -ml p l a s t i c  
c e n t r i f u g e  tu b e s  f i t t e d  w i th  ru b b e r  s to p p e r s ;  th e s e  were weighed on a 
M e t t l e r  b a la n c e ,  Model No. B5, to  th e  n e a r e s t  1 /1 0 -m i l l ig r a m .  Two o f 
th e  a l i q u o t s  ( S o l id  A) were a n a ly zed  f o r  t o t a l  n i t r o g e n  by th e  macro- 
K Je ld a h l  p r o c e d u re .
P rocedure  B . Each o f two 1-gram a l i q u o t s  o f f ro z e n  s e c t io n e d  
sh r im p , a c c u r a t e l y  weighed as d e s c r ib e d  above , was e x t r a c t e d  tw ice  
w i th  0 .03  M p o ta ss iu m  p hospha te  b u f f e r  s o l u t i o n ,  pH 7 .4 ,  as  fo l lo w s :  
t o  th e  sample o f  shrim p t i s s u e  c o n ta in e d  in  50-ml p l a s t i c  c e n t r i f u g e  
tube  was added 10 ml o f  0 .0 3  M p o ta ss iu m  phosphate  b u f f e r  s o l u t i o n ,  
pH 7 .4 .  The m ix tu re  was e x t r a c t e d  f o r  3 hours  w i th  slow m echan ica l  
a g i t a t i o n ,  and th en  c e n t r i f u g e d  f o r  30 m in u tes  a t  1400 g .  a t  2°C In  
a  c o ld  room. The s u p e r n a ta n t  was d e c a n te d  i n t o  a  50 ml sc rew -capped  
Kimax g la s s  tu b e .  T h is  e x t r a c t i o n  p rocedure  was r e p e a te d  a g a in  on 
th e  r e s id u e  o f  shrim p t i s s u e  in  th e  c e n t r i f u g e  tu b e .  The s u p e rn a ta n t
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o f  th e  second  e x t r a c t i o n  was added to  t h a t  o f  th e  f i r s t  In  th e  Kimax 
g l a s s  tube  and th e  two e x t r a c t s  were th o ro u g h ly  mixed by m anually  
sh a k in g  th e  tube  to  y i e l d  E x t r a c t  B. A 15-ml p o r t i o n  o f  E x t r a c t  B 
was p i p e t t e d  I n to  a 600-ml K je ld a h l  d i g e s t i o n  f l a s k .  The n i t r o g e n  
c o n te n t  o f  E x t r a c t  B was d e te rm in e d  by th e  m acro -K je ld ah l  p ro c e d u re .  
The n i t r o g e n  v a lu e  th u s  o b ta in e d  r e p r e s e n t e d  th e  sum o f  th e  n i t r o g e n  
c o n te n t s  o f  s a rc o p la s m ic  p r o t e in s  and n o n - p r o te in  e x t r a c t .
P rocedure  C. Two and a  h a l f  m i l l i l i t e r s  o f  th e  E x t r a c t  B was 
p i p e t t e d  I n to  a 50-ml p l a s t i c  c e n t r i f u g e  tu b e ,  and th e n  2 .5  ml o f  20% 
t r i c h l o r o a c e t i c  a c id  was added to  th e  e x t r a c t  t o  p r e c i p i t a t e  th e  
s a rc o p la s m ic  p r o t e i n s .  T h is  was c e n t r i f u g e d  f o r  an hour and th e  
s u p e r n a t a n t ,  E x t r a c t  C, was d e c a n te d ,  and a n a ly z e d  f o r  n o n - p r o te in  
n i t r o g e n  u s in g  th e  m ic ro -K je ld a h l  p ro ced u re  ( 6 3 ,4 3 ) .
P rocedure  D. These o p e r a t i o n s  a r e  e s s e n t i a l l y  th e  same as th o se  
d e s c r ib e d  under P rocedure  B e x c e p t  as fo l lo w s :  (a )  th e  e x t r a c t a n t
used  was a  b u f f e r  s o l u t i o n ,  pH 7 .4  (1 .1  M KI, 0 .1  M K -phospha te )  
i n s t e a d  o f  0 .03  M K -phosphate  b u f f e r  s o l u t i o n ,  pH 7 .4 ,  (b)  one more 
e x t r a c t i o n  w i th  an a d d i t i o n a l  10 ml of th e  b u f f e r  s o l u t i o n  was done 
f o r  two more h o u r s .  T w e n ty -f iv e  ml of the  s u p e r n a t a n t ,  E x t r a c t  D, 
was p i p e t t e d  in t o  a 600-ml K je ld a h l  d i g e s t i o n  f l a s k .  The n i t r o g e n  
c o n te n t  o f  E x t r a c t  D was d e te rm in e d  by th e  m ac ro -K je ld ah l  p ro c e d u re .  
The n i t r o g e n  v a lu e  th u s  o b ta in e d  r e p r e s e n t e d  t o t a l  s o lu b le  p r o t e i n s ,  
t h a t  i s ,  th e  sum of s a rc o p la s m ic  p r o t e i n s ,  m y o f lb r i l a r  p r o t e i n s ,  and 
n o n - p r o te in  e x t r a c t .
P rocedure  E . Two and a h a l f  m i l l i l i t e r s  o f  th e  E x t r a c t  D was 
p i p e t t e d  i n t o  a 50-ml p l a s t i c  c e n t r i f u g e  tube  and t r e a t e d  e x a c t l y  as 
d e s c r ib e d  f o r  E x t r a c t  B i n  P rocedure  C. The r e s u l t i n g  s u p e rn a ta n t ,
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E x t r a c t  E , was a n a ly z e d  f o r  n o n - p ro te in  n i t r o g e n  by th e  m ic ro -K je ld a h l  
p r o c e d u r e .
(3) D e te rm in a t io n  o f  e x t r a c t  r e l e a s e  volume (ERV)
E x t r a c t  r e l e a s e  volume was d e te rm in e d  by J a y ' s  method ( 2 4 ) .  Ten 
grams o f m a c e ra te d  sh r im p , ta k e n  from th e  same b a t c h  used  f o r  th e  
v i s c o s i t y  d e te r m in a t io n ,  was b le n d e d  w i th  100 ml o f  d e io n iz e d  w a te r  fo r  
one m inute a t  am bient room te m p e ra tu re  (2 1 -2 3 °C ) . Im m edia te ly  a f t e r  
b l e n d in g ,  th e  homogenates were poured  d i r e c t l y  I n to  a f u n n e l ,  equ ipped  
w i th  a s h e e t  of f i l t e r  p aper  f o ld e d  t h r i c e ,  so  as t o  make e i g h t  
s e c t i o n s .  The e x t r a c t  was c o l l e c t e d  i n  a  50-ml g ra d u a te d  c y l i n d e r  by 
a l lo w in g  i t  to  c o u rse  down th e  i n s i d e .  The c o l l e c t i o n  was tim ed  f o r  
15 m inu tes  from the  p o in t  o f  add ing  th e  homogenates to  th e  f u n n e l .
The 15-m lnute  volumes were av e rag ed  and t r e a t e d  as ERV.
(4) T o ta l  b a c t e r i a l  c o u n t
The s ta n d a rd  t o t a l  b a c t e r i a l  co u n t method ( 1 2 ) ,  w i th  s l i g h t
m o d i f i c a t i o n ,  was used to  d e te rm in e  weekly th e  number o f  b a c t e r i a  per
gram o f  sh rim p . T h i r ty  grams o f  beheaded shrim p w i th  s h e l l  i n t a c t  was
p la c e d  in  a s t e r i l e  H aring  B lendor j a r  c o n ta in in g  270 ml o f  s t e r i l e
phospha te  b u f f e r  and b le n d e d  f o r  2 m in u te s .  From t h i s  b le n d e d
p o r t i o n ,  f u r t h e r  d i l u t i o n s  were made as n eed ed .  Each d i l u t i o n  was
p la c e d  by p i p e t t i n g  1 .0  ml o f  th e  d i l u t i o n  i n t o  an empty P e t r i  d i s h
and pouring s t e r i l e  m elted  B acto Tryptone G lucose E x tra ct agar in to
th e p la te ,  then m ixing and a llo w in g  the agar to  s o l i d i f y .  The p la te s
o
were in c u b a te d  a t  21 C f o r  48 h o u r s . Then th e y  were removed and the  
c o lo n ie s  were c o u n te d .  The t o t a l  b a c t e r i a l  co u n t f o r  e a c h  sample was 
d e te rm in e d  by a v e ra g in g  d a ta  from d u p l i c a t e  p l a t e s  o f  th e  same 
d i l u t i o n .
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(5) I r r a d i a t i o n  o f  shrim p
(a ) Apparatus
F ig u re  1 shows th e  schem atic  diagram  f o r  equipm ent i n  which the  
shrim p were i r r a d i a t e d  a t  c ry o g en ic  te m p e ra tu re .  L iq u id  n i t r o g e n  from 
th e  sou rce  tank  was s u p p l ie d  to  the  s t a i n l e s s  s t e e l  vacuum chamber 
(F ig u re  2) th ro u g h  3 /8"  O.D. ny lon  tu b in g  and a l s o  v e n te d  th ro u g h  the  
same s i z e  ny lon  tu b in g .  The s t a i n l e s s  s t e e l  vacuum chamber was p laced  
i n s id e  th e  a i r - t i g h t  d iv in g  b e l l ,  i n  t u r n ,  was low ered to  th e  c o b a l t -  
60 sou rce  by u s in g  th e  w inch. The nylon  tu b in g  was i n s u l a t e d  by 1 /2 "
I .D .  Armstrong ho llow  c y l i n d r i c a l  i n s u l a t i n g  tu b e ,  th e  th ic k n e s s  o f 
which was 1 /2 " .  T h is  was a g a in  i n s u l a t e d  by 1 3 /8"  I .D . Armstrong 
i n s u l a t i n g  hollow  c y l i n d r i c a l  tu b e ,  th e  th ic k n e s s  o f w hich was 1 / 2" .  
Tem perature  was c o n t r o l l e d  by an o n -o f f  c o n t r o l l e r ,  Model JL type 
(West In s tru m e n t  Co.) and a s o le n o id  v a lv e  and a c o p p e r -c o n s ta n ta n  
therm ocoup le . A r e l i e f  v a lv e  was connected  to  th e  tu b in g  between the 
l i q u i d  n i t r o g e n  tank and th e  s o le n o id  v a lv e  to  p r o t e c t  a g a in s t  over-  
p r e s s u r i z a t l o n .  The therm ocouple l i n e  was connec ted  to  th e  c r y o s t a t  
th ro u g h  1 /8 "  ny lon  tu b in g .  I t  i s  p o s s ib le  to  lower th e  te m p e ra tu re  to  
' -150 C w i th  t h i s  a p p a r a tu s .
(b) Dosimetry
The shrim p were i r r a d i a t e d  in  the  i r r a d i a t o r  l o c a te d  in  the  
N uclear  Science C en te r  a t  L o u is ia n a  S ta te  U n iv e r s i t y .  The gamma 
r a d i a t i o n  sou rce  was 4740 c u r i e  c o b a l t - 6 0  i r r a d i a t o r ,  as o f  March 
1968.
For the  dos im etry  d e te rm in a t io n ,  the  F r ic k  D osim etry  S o lu t io n  
method (7 1 ,9 4 )  was used .
Three l a y e r s  o f  po lys ty ro fo am  s h e e ts  were p laced  In s id e  the
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Figure 1 - Schematic Diagram of Equipment for 














s t a ln l e s B  s t e e l  c r y o s t a t  c o n t a i n e r .  On each  l a y e r  o f  th e  th r e e  
p o ly s ty ro fo a m  s h e e t s ,  f iv e  v i a l s ,  c o n ta in in g  th e  F r lc k e  Dosimetry 
s o l u t i o n  were p laced  as fo l lo w s :  one v i a l  on the  c e n t e r ,  th e  o th e r
v i a l s  c e n t r o - s y m n e t r l c a l l y . The d e t a i l e d  geom etr ic  arrangem ent I s  
I l l u s t r a t e d  In  F ig u re  3.
The F r lc k e  Dosimetry s o lu t i o n s  were I r r a d i a t e d  fo r  5 , 10, and 
15 m in u te s ,  r e s p e c t i v e l y ,  and th e  absorbancy  o f th e  s o lu t i o n  was 
measured by the  s p e c to p h o to m e te r , Beckman type DB, a t  the  wave le n g th  
o f  305 n
Dose r a t e s  were o b ta in e d  by u s in g  th e  fo l lo w in g  e m p ir ic a l  
e q u a t io n ;
(c )  B lack 8pot counting
For b lack  spot co u n tin g , K o p fler 's  method was used ( 6 5 ) .  A fter  
each r a d ia tio n  treatm ent, one Mylar bag con ta in in g  one pound of shrimp 
was opened each week and the shrimp from each Mylar bag were d iv id ed  
Into  three groups according to b lack  spot form ation: no s p o ts , s l ig h t
sp o tt in g , and severe s p o t t in g .
D -  2 .94  x 104 Q 1 - 0 .007 ( t - 20) J  (A/T) (1)
D ■ dose r a t e ,  r a d . /m ln .  
where t  ■ am bient room te m p e ra tu re ,  25 C
A * absorbancy
T ■ tim e o f  r a d i a t i o n ,  m ln.
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Figure 3 “ Geometric Arrangement for 
Frlcke Doslmetrv Solution Vials
n y? ••
LAYER I
LAYER I I I
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(6 )  O rgan olep tic  e s t im a tio n s
O rg a n o le p t ic  e s t i m a t i o n s  were co n d u c ted  e ach  week f o r  3 weeks by 
u s in g  s i x  I n d iv id u a l s  p e r  t a s t e  p a n e l .
A f te r  th e  sh rim p  were r i n s e d  In  c o ld  w a te r ,  th e y  were Immersed 
I n  a  b o i l i n g  s a l t  w a te r  (one tea sp o o n  o f  s a l t  t o  one p i n t  o f  w a te r )  
and were cooked f o r  6 m in u te s .
The shrim p were th e n  d r a in e d ,  p la c e d  on p l a t e s  and g iv e n  to  th e  
t a s t e  p a n e l .  The a t t r i b u t e s  ju dged  In  c o n t r o l - t r e a t e d  and r a d i a t i o n -  
t r e a t e d  sam ples w ere: a p p e a ra n c e ,  o d o r ,  f l a v o r ,  and t e x t u r e .  Each
a t t r i b u t e  was ju dged  by ea c h  member o f  th e  p an e l  and r a t e d  on an 
hedon ic  s c a l e  o f  n in e  ( se e  T a b le  I ) .
Haae
7A3L5 I  -  O r g a n o le p t i c  S c o r e  S h e e t  
Product SHRIMP Date











































































*Downgrade appearance for black spot when i t  penetrates the neat and covers an area hit least 1/3 of the
circumference of the shrimp."
Coisaent but do not downgrade appearance when the above area is  covered kj black spot on the shell only.
RESULTS AND DISCUSSION 
A. P re l im in a ry  S tu d ie s  on th e  A pparen t V i s c o s i t y  
o f  Shrimp Homogenate
B efo re  m easu ring  th e  a p p a re n t  v i s c o s i t y  o f  shrim p hom ogenate, I t
was n e c e s s a ry  t o  c a l i b r a t e  th e  v is c o m e te r  t o  check i t s  a c c u ra c y  and
r e l i a b i l i t y .  For t h i s  p u rp o se ,  s i l i c o n e  f l u i d ,  L-3  ( v i s c o s i t y  1 ,000  
ocp @ 25 C) was used  as a  v i s c o s i t y  s ta n d a r d  a c c o rd in g  to  th e  manu- 
f a c t u r e r ' s  d i r e c t i o n s .  The r e s u l t  showed t h a t  th e  in s t ru m e n t  was 
a c c u r a te  w i t h i n  17..
I f  th e  d ia m e te r  o f  th e  c o n t a i n e r  i s  l e s s  th a n  2 3 /4 " ,  i t  i s  
n e c e s s a r y  to  r e c a l i b r a t e  th e  v i s c o s i t y  r e a d in g .  I n  t h i s  e x p e r im en t  
th e  c o n ta in e r  f o r  th e  sh rim p  homogenate was a 250-ml b e a k e r ,  th e  
d ia m e te r  o f  w hich was 2 1 / 2 " .  T h e re f o re ,  i t  was n e c e s s a ry  to  
r e c a l i b r a t e  the  v i s c o s i t y  r e a d in g .  O r ig in a l  and r e c a l i b r a t e d  f a c t o r s  
a t  e ach  s h e a r  r a t e  f o r  th e  v isc o m e te r  and s p in d le  No. 2 a re  as fo llo w s  
( th e  fo rm er number i s  th e  o r i g i n a l  f a c t o r  and th e  l a t t e r ,  the  
r e c a l i b r a t e d  f a c t o r ) :  a t  3 rpm, 100.000 and 98 ,000 ; a t  6 rpm, 50 .000 
and 4 9 .7 4 8 ;  a t  12 rpm, 25 .000  and 2 4 .905 ; a t  30 rpm, 10 .000  and 9 .9 5 9 .  
To o b t a in  a v i s c o s i t y  in  c e n t l p o l s e s ,  th e  r e a d in g  I s  r e a d  on th e  100 
s c a l e  d i a l  and m u l t i p l i e d  by th e  r e c a l i b r a t e d  f a c t o r  when a 250-ml 
b e a k e r  i s  used as th e  c o n t a i n e r  o f  th e  hom ogenate .
S ince  no r e p o r t s  were found i n  th e  l i t e r a t u r e  r e l a t i n g  v i s c o s i t y  
changes to  th e  o v e r a l l  d e n a tu r a t l o n  of b i o l o g i c a l  s u b s ta n c e s ,  i t  was 
n e c e s s a r y  t o  conduct p r e l im in a r y  s t u d i e s  to  e s t a b l i s h  th e  optimum 
c o n d i t io n s  f o r  the  measurement of the  a p p a re n t  v i s c o s i t y  o f  shrim p
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hom ogenate. These In v o lv e d  (a )  th e  w a te r  c o n te n t  o f  sh r im p , (b )  th e  
c h o ic e  o f  s o lv e n t  f o r  making th e  homogenate and p re v e n t in g  fo rm a tio n  o f  
foam when homogenized, (c )  th e  c o n c e n t r a t i o n  o f  th e  hom ogenate,
(d )  hom ogen iza tion  and v isc o m e try  te m p e r a tu re s ,  (e )  d u r a t io n  o f  
b le n d in g  o r  d i s p e r s i o n ,  and ( f )  d e v e ln in g  o f  th e  sh rim p ;
( 4) The w a te r  c o n te n t  o f  shrim p
The f i r s t  s t e p  In  v i s c o s i t y  m easurem ent o f  th e  homogenate was a 
d e te r m in a t io n  o f  the  w a te r  c o n te n t  o f  sh r im p . T h is  was accom plished  
by a  d i s t i l l a t i o n  te c h n iq u e  (25) em ploying n - b u ty l  e t h e r .  The 
measurem ents t h a t  were made from A p r i l ,  1967 to  A ugust,  1967 showed 
t h a t  th e  w a te r  c o n te n t  ranged  from 757. to  88% f o r  raw sh rim p .
However, th e  v a r i a t i o n  in  th e  w a te r  c o n te n t  o f  th e  shrim p from the  
same b a tc h  was n e g l i g i b l e .  T h e re f o re ,  th e  sample w e ig h ts  were b ased  
on w et b a s i s .
(b) The c h o ic e  o f  s o lv e n t  f o r  making the  homogenate and
p r e v e n t in g  fo rm a t io n  o f  foam, when th e  shrim p were homogenized
B u f fe r  s o l u t i o n  pH 7 .4  (1 .1  M KE and 0 .1  M K -phosphate  (S o lv e n t  
I ) ,  b u f f e r  s o l u t i o n  pH 7 .4  (0 .0 3  M K -phosphate  (S o lv e n t  I I ) ,  and 
d i s t i l l e d  w a te r  (S o lv e n t  I I I )  were u sed  as s o l v e n t s .  S e v e n ty - f iv e  
grams o f  p e e le d  shrim p from commercial s o u rc e s  i n  B aton  Rouge were 
m acera ted  by th e  method o f  Awad e t  ail ( 7 ) ,  and th e n  were d i s p e r s e d  i n  
175 ml o f  ea c h  o f  th e  above s o lv e n t s  w i th  a W aring B lendor f o r  one 
m inute  a t  2°C . The v i s c o s i t y  r e a d in g  i n  c e n t l p o i s e  was m easured a t  
30 rpm and 5 .5  + 0.5°C and 15 seconds a f t e r  th e  v is c o m e te r  m otor 
s w i tc h  was tu rn e d  o n . The v i s c o s i t y  r e a d in g  f o r  ea c h  s o lv e n t  system  
I s  as fo l lo w s  ( th e  f i r s t  two v a lu e s  a re  d u p l i c a t e  re a d in g s  and the
kr
t h i r d  I s  th e  av erag e  v a lu e ) ;  f o r  s o lv e n t  I ,  3 3 8 .6 ,  3 2 7 .7 ,  and 3 3 3 .2 ;
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f o r  S o lv e n t  I I ,  2 0 1 .2 ,  1 4 5 .4 ,  and 1 7 3 .3 ;  f o r  S o lv e n t  I I I ,  1 8 3 .2 ,
1 3 7 .4 ,  and 1 6 0 .3 .  These r e s u l t s  show t h a t  S o lv e n t  I  gave more 
r e p r o d u c ib le  r e s u l t  th a n  th e  o t h e r  s o l v e n t s .  W ith  t h i s  s o l v e n t ,  th e  
foam fo rm a t io n  c o u ld  be m in im ized , even  though  I t s  com plete  e l im in a ­
t i o n  was Im p o s s ib le .  F u r th e rm o re ,  th e  h ig h e r  o n - s c a le  v is c o m e te r  
r e a d in g  w i th  t h i s  s o lv e n t  gave a  more p r e c i s e  measurement of 
v i s c o s i t y .
( c )  The c o n c e n t r a t i o n  o f  the  homogenate
I t  has been  found  t h a t  th e  v i s c o s i t y  o f th e  homogenate was 
p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n .  The optimum c o n c e n t r a t i o n  was 
found  to  b e  20-30% on a  wet b a s i s ,  as f a r  as  th e  p r e v e n t io n  o f 
foaming was c o n c e rn e d .  At t h i s  range  o f  c o n c e n t r a t i o n ,  th e  homogenate 
was found to  be r h e o l o g l c a l l y  t h l x o t r o p l c .  T h e re f o re ,  th e  tim e f a c t o r  
i s  v e ry  im p o r ta n t  f o r  a ccu racy  In  th e  v i s c o s i t y  m easurem ent. The 
v i s c o s i t y  was m easured 15 seconds a f t e r  th e  v is c o m e te r  m otor s w itc h  
was tu rn e d  on , u n le s s  s p e c i f i e d  o th e r w is e .
(d )  The hom ogen iza tion  and v ls c o m e try  te m p e ra tu re s
T em perature  d u r in g  th e  p r e p a r a t i o n  o f  th e  homogenate was found 
t o  be an In f lu e n c in g  f a c t o r  In  the  v i s c o s i t y  m easurem ent. When th e  
shrim p were i n i t i a l l y  k e p t  a t  25°C and were homogenized a t  t h a t  
t e m p e ra tu re ,  th e  te m p e ra tu re  o f  th e  homogenate i n c r e a s e d  to  35°C a t  
th e  end o f  hom ogen iza tion  ( a f t e r  5 m i n u t e s ) . The c o lo r  o f  th e  
homogenate changed from i n i t i a l  w h i te  to  r e d .  However, when the  
shrim p were i n i t i a l l y  m a in ta in e d  a t  th e  te m p e ra tu re  o f  5°C and were 
homogenized a t  25°C, th e  f i n a l l y  o b se rv ed  te m p e ra tu re  was o n ly  18.5°C 
and th e  c o lo r  o f  th e  homogenate rem ained  w h i t e .  T h is  c o lo r  change 
co u ld  be due , in  p a r t ,  t o  p r o t e in  d e n a t u r a t i o n . Law rle  (68) s t a t e d
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t h a t  p r o t e in s  were l i a b l e  to  d e n a tu r a t io n  I f  s u b je c te d ,  d u r in g  p o s t ­
mortem c o n d i t i o n i n g ,  t o  te m p e ra tu re s  above 25°C. When th e  shrim p
were homogenized a t  th e  c o ld  room te m p e ra tu re  o f  2°C th e  f i n a l
o
te m p e ra tu re  o f th e  homogenate I n c r e a s e d  t o  11 C .
When th e  a p p a re n t  v i s c o s i t y  was m easured  a t  5 .5  + 0 .5 °C , I t  was 
n o te d  t h a t  t h e  v a lu e  f o r  th e  shrim p homogenized a t  25°G was h ig h e r  
th a n  t h a t  f o r  th e  shrim p homogenized a t  5°C.
(e )  D u ra t io n  o f  b le n d in g  o r d i s p e r s io n
I t  has been  found t h a t  th e  v i s c o s i t y  was p r o p o r t i o n a l  to  th e  
d u r a t io n  o f  d i s p e r s i o n .  Throughout t h i s  e x p e r im e n t ,  two p e r io d s ,  f i v e  
m in u tes  and one m inute  were u sed  f o r  b le n d in g  w i th  om nl-m lxer and f o r  
d i s p e r s in g  w i th  a Waring b l e n d o r ,  r e s p e c t i v e l y .
( f )  D eveln lng  o f  th e  shrim p
I t  was found t h a t  th e  sam ples w i th  v e in s  gave I n c o n s i s t e n t  
a p p a re n t  v i s c o s i t y .  F u r th e r  s tu d y  showed t h a t  th e  a p p a re n t  v i s c o s i t y  
o f  th e  d ev e in ed  shrim p was alw ays h ig h e r  th a n  t h a t  o f  th e  shrim p w i th  
v e in s  and gave much more c o n s i s t e n t  r e s u l t s .  The e x a c t  r e a s o n  f o r  
t h i s  phenomenon i s  n o t  known; th e  p re se n c e  o f  m in e ra ls  i n  th e  v e in  
m igh t in f lu e n c e  th e  a p p a re n t  v i s c o s i t y  r e a d i n g .
These p r e l im in a r y  measurem ents d e m o n s tra te d  t h a t  a s t r i c t  
adherence  t o  th e  s p e c i f i e d  c o n d i t i o n s  i s  im p e ra t iv e  to  o b ta in  a 
r e l i a b l e  v i s c o s i t y  m easurem ent.
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B. D osim etry
The dose l e v e l  o f  I r r a d i a t i o n  must be a c c u r a t e ly  d e te rm in e d  
b e f o re  th e  shrim p a re  I r r a d i a t e d  In  o rd e r  to  o b t a in  r e p ro d u c ib le  
r e s u l t s .  At th e  p r e s e n t  t im e ,  t h e r e  i s  no c l e a r - c u t  method to  
d e te rm in e  the  dosages e x a c t l y ;  o n ly  e m p i r i c a l  methods a r e  a v a i l a b l e .  
The l a t t e r  were d e s c r ib e d  i n  C h ap te r  I I I  ( M a te r ia l s  and M ethods),  
page 35 o f t h i s  d i s s e r t a t i o n .
F ig u re s  4A, 4B, and 4C show th e  abso rbancy  vs tim e o f r a d i a t i o n  
o f  th e  F r lc k e  d o s im e try  s o l u t i o n  a t  l a y e r s  I ,  I I ,  and I I I ,  
r e s p e c t i v e l y ,  as  i n d i c a t e d  i n  F ig u re  3 .  As shown in  t h i s  F ig u r e ,  th e  
abso rbancy  i s  l i n e a r l y  p r o p o r t io n a l  to  th e  d u r a t io n  o f  i r r a d i a t i o n  of 
th e  s o l u t i o n .
The l e n g t h  of r e q u i r e d  tim e to  g iv e  an absorbancy  o f  1 .0  i s  
o b ta in e d  by i n t e r p o l a t i o n  or e x t r a p o l a t i o n .
F ig u re s  5A, 5B, and 5C a re  th e  i s o - d o s e  l i n e s  o f  ea c h  l a y e r .  
These l i n e s  were c o n s t r u c t e d  from E q u a t io n  ( 1 ) ,  d e s c r ib e d  in  
C h ap te r  I I I  (M a te r ia l s  and Methods o f  t h i s  d i s s e r t a t i o n ) ,  page 38 
and F ig u re s  4A, 4B, and 4C. These f i g u r e s  show t h a t  th e  i s o -d o s e  
l i n e s  a r e  n o t  c o n c e n t r i c ,  b u t  s h i f t e d .  T h is  i s  due to  th e  d i f f e r e n t  
i n t e n s i t i e s  o f c o b a l t - 6 0  so u rc e s  w hich a re  c o n t r o - s y n m e t r i c a l ly  
l o c a t e d .
As shown in  the  F ig u re s  5A, 5B, and 5C, dose r a t e s  ran g ed  from 
1 ,600  to  2 ,000  rad s  p e r  m in u te .  An average  v a lu e  o f  1 ,8 0 0  r a d s  p e r  
m inute  m inute  was used f o r  th e  i r r a d i a t i o n  o f  th e  sh rim p .
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F ig u re  5A - I s o -d o s e  L ine  f o r  Layer I  
(xlO Mrad p e r  m inu te )
N
F ig u re  5B -  I s o -d o s e  L ine  fo r  Layer I I  
(xlO Mrad per m in u te )
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Figure 5C - Iso-dose Line for Layer III 
( xtC* Lrad per minute)
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C. S o l u b i l i t y  Measurement In  R e la t i o n  t o  th e  
D e g ra d a t io n  o f  Shrimp P r o te in s
A c o n t r a d i c t o r y  r e l a t i o n s h i p  has b een  o b se rv e d  betw een 
p r o t e o l y s i s  and d e n a tu r a t l o n  o f  m uscle t i s s u e  (1 9 ,2 7 ,3 2 )  b e l i e v e d  t h a t  
p r o t e o l y s i s  was th e  p r e v a l e n t  f a c t o r  among th e  numerous breakdown 
p ro c e s s e s  In  th e  l a s t  s ta g e  o f  d e n a t u r a t l o n ,  b u t  th e y  d id  n o t  f u r n i s h  
th e  d a t a  s u p p o r t in g  t h e i r  p r o p o s i t i o n .  On th e  o th e r  hand , J a y  (52) 
s u g g e s te d  from h i s  d a t a  t h a t  th e  p r o t e o l y s i s  was n o t  th e  main f a c t o r  
r e s p o n s i b le  f o r  th e  d e n a t u r a t l o n  of th e  m uscle  t i s s u e .
To c l a r i f y  th e s e  r e s u l t s ,  i t  was n e c e s s a r y  to  d e te rm in e  i f  th e  
p r o t e o l y s i s  was th e  dom inant f a c t o r  i n  th e  d e n a tu r a t lo n  o f  shrim p 
t i s s u e  m u sc le .  I n  t h i s  r e g a r d ,  " lo s s  In  s o lu b le  p r o te in s "  a n d /o r  " l o s s  
i n  e x t r a c t a b i l i t y "  w ere ad o p ted  as o p e r a t i o n a l  d e f i n i t i o n s  o f 
d e n a tu r a t l o n  (2 2 ) .
P re l im in a ry  measurem ents showed t h a t  t h e r e  were tremendous 
d i f f e r e n c e s  i n  e x t r a c t a b i l l t y  o f  p r o te in s  betw een th e  samples 
s e c t io n e d  by  th e  f r e e z i n g  microtome and t h a t  homogenized w i th  a W aring 
B le n d o r .  The e x t r a c t a b i l l t y  o f  t o t a l  s o lu b le  p r o te in s  f o r  th e  shrim p 
s e c t io n e d  by th e  f r e e z in g  microtome ran g ed  from 58 to  85%, w hereas t h a t  
f o r  th e  shrim p homogenized w i th  a  Waring B len d o r  ran g ed  from 40 to  54%. 
I t  was obvious  t h a t  th e  more s o lu b le  p r o t e in s  were i n s o l u b i l i z e d  when 
homogenized w i th  a  Waring B le n d o r .
F o r th e  c o n t r o l  and th e  sample i r r a d i a t e d  w i t h  0 .4  Mrad a t  25°C 
I n  E xperim ent I I I ,  th e  amount o f  n o n - p r o te in  n i t r o g e n  and th e  
p e rc e n ta g e s  of s a rc o p la s m ic  and s o lu b le  p r o t e in s  i n  shrim p a r e  l i s t e d  
' i n  T ab le  I I .
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The in c o n s i s te n c y  in  th e  e x t r a c t a b i l i t y  o f  sa rc o p la sm ic  and 
t o t a l  s o lu b le  p r o te in s  may be due to  th e  many complex i n t e r a c t i o n s  
between n a t iv e  p r o te in s  and o th e r  c o n s t i t u e n t s  i n  th e  t i s s u e  which have 
n o t  been  e n t i r e l y  e l u c i d a t e d .  F u r th e rm o re ,  in d iv id u a l  d i f f e r e n c e s  in  
chem ical com posit ion  among th e  shrim p an a ly z e d  and l i m i t a t i o n s  in  
number o f  shrim p used f o r  th e  e x t r a c t i o n  p rocedure  may c o n t r ib u t e  to  
th e  in c o n s i s t e n c y .
N o n -p ro te in  n i t r o g e n  c o n te n t s  f o r  th e  c o n t r o l  and th e  I r r a d i a t e d  
shrim p d e c re a se  in  p ro p o r t io n  to  th e  days o f  s to r a g e  i n  i c e ,  and appear 
to  be tw ice  as  much as t h a t  r e p o r te d  f o r  f r e s h  r a b b i t  muscle (4 4 ) .
The n o n - p ro te in  n i t r o g e n  c o n te n t  fo r  r a b b i t  m uscle i s  about 3 .4  
m ilig ram s o f  n i t r o g e n  p e r  gram o f  f r e s h  m u sc le ,  whereas t h a t  fo r  
shrim p was shown to  be 6 .1  m ilig ram  of n i t r o g e n  per  gram o f  t i s s u e  
even a f t e r  21 d a y s .  For f r e s h  sh rim p , th e  c o n te n t  was 8 .7  m ilig ram s 
o f  n i t r o g e n  p e r  gram of t i s s u e .
S ince  i t  i s  known t h a t  b a c t e r i a  can n o t  u t i l i z e  p r o t e o l y t i c  low- 
m o le c u la r  -w e ig h t su b s ta n c e s  from n a t iv e  p r o te in s  (5 2 ) ,  th e  only  way 
th ey  can  m u l t ip ly  and thus  s p o i l  th e  shrim p I s  t o  u t i l i z e  dead 
a u to ly z e d  b a c t e r i a l  c e l l s  and lo w -m o lec u la r-w e lg h t  su b s ta n c e s  such as 
f r e e  amino a c id s  which a re  n o n -p ro te in  components and a re  more 
abundant in  s h e l l f i s h  th a n  in  f i s h  o r  warm-blooded an im a ls .
TABUS I I .  N o n -P ro te in  N itro g e n  C o n ten ts  and E x t r a c t a b i l l t y  o f
S arcop lasm ic  and T o ta l  S o lu b le  P r o t e i n s ' a ) 
( f o r  Experim ent I I I )
Days o f 
Ice NPN. mg/g sample
S arcop lasm ic  P r o te in  
(Z o f  t o t a l  p r o te in )
T o ta l  S o lu b le  P r o te in s  
(Z t o t a l  p r o te in s )
s to r a g e C o n tro l 0 .4  Mrad @25 C C o n tro l 0 .4  Mrad @25 C C o n tro l 0 .4  Mrad @25 C
1 8 .7  + 1 .1 ^  8 .0  + 0 .3 2 5 .3  + 2 . 9 30.2 + 1 .3 75 .3  + 13.6 86 .3  + 4 .2
7 8 .3  + 0 .6 7 .6  + 0 .6 2 2 .4  + 1 . 6 20 .6  + 0 .4 8 0 .6  + 4 .2 66 .7  + 8 .8
14 7 .5  + 0 .8 7 .8  + 0 .8 30 .9  + 3 .1 2 5 .7  + 0 .9 67 .9  + 2 . 8 59 .4  + 3 .0
21 6 .1  + 0 .8 7 .3  + 0 .3 16 .3  + 0 .4 17 .4  + 1 .0 54 .3  + 2 .1 69 .7  + 13 .3
<a >The n o n - p ro te in  n i t r o g e n  v a lu e s  a re  means o f  q u a d r i p l i c a t e  d e te r m in a t io n s .  The v a lu e s  o f  the  
sa rc o p la sm ic  and t o t a l  s o lu b le  p r o te in s  a re  means of d u p l i c a te  d e te r m in a t io n s .  The I n d iv id u a l  
d e te rm in a t io n s  t h a t  y i e ld e d  th e se  means a r e  g iv en  In  Table  l a  In  th e  Appendix,
^ M e a n  + SD
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D. Apparent V i s c o s i ty  o f  Shrimp Homosenate
E xperim ents  1 and I I  were conducted  to  de te rm ine  i f  the  ap p a re n t  
v i s c o s i t y  o f  th e  shrimp homogenate cou ld  be used as a  b a s i s  f o r  
e s t im a t in g  th e  q u a l i t y  o f  th e  n o n - i r r a d i a t e d  sh rim p . T ab le  I I I  shows 
th e  a p p a re n t  v i s c o s i t y  and t o t a l  b a c t e r i a l  coun t o f  th e  shrimp f o r  
Experim ent I  and the  p r o p o r t io n a l  in c r e a s e  o f  b o th  f a c t o r s .  Tab le  IV 
shows th e  ap p a re n t  v i s c o s i t y  and e x t r a c t  r e l e a s e  volume (ER.V) fo r  
Experim ent I I  and i t  a l s o  shows t h a t  th e  ap p a re n t  v i s c o s i t y  In c re a s e d  
as th e  ERV d e c re a se d .
From th e s e  t a b l e s , i t  i s  observed  t h a t  th e  a p p a re n t  v i s c o s i t y  
in c r e a s e d  in  p ro p o r t io n  o f  th e  days of i c e  s to r a g e .  The ap p a re n t  
v i s c o s i t y  o f  th e  shrimp homogenate f o r  Experim ent I  d id  n o t in c r e a s e  
v e ry  r a p i d ly  on th e  1 4 th  day of i c e  s to r a g e  b u t  i t  in c r e a s e d  v e ry  
r a p i d ly  on the  2 8 th  d y  o f  ic e  s t o r a g e , whereas t h a t  f o r  
Experim ent I I  in c r e a s e d  v e ry  r a p i d ly  on th e  1 4 th  day o f  i c e  s to r a g e .
The shrimp fo r  Experim ent I  were f r e s h ,  when o b ta in e d ,  and a f t e r  14 
d ay s ,  they  were s lim y b u t  n e i t h e r  d id  they  tu r n  f l e s h  r e d  nor d id  th ey  
develop  bad od o r .  However, a f t e r  28 d ay s ,  they  were s lim y and tu rn e d  
f l e s h  r e d  and developed a p u t r i d  o d o r .  The shrimp fo r  Experim ent I I  
were purchased  th ro u g h  a  l o c a l  d e a le r  and were n o t  f r e s h .  A f te r  14 
d ay s ,  th e y  were s lim y  and tu rn e d  f l e s h  r e d  and developed  a  p u t r i d  o d o r .  
This  im p lie s  t h a t  as shrim p p u t r l f y  th e  a p p a re n t  v i s c o s i t y  In c re a s e s  
v e ry  r a p i d l y .  The a p p a re n t  v i s c o s i t y  o f  the  p u t r i f i e d  shrimp was 
m easured a t  12 rpm, because  th e  homogenate was too  t h i c k  to  measure 
th e  v i s c o s i t y  a t  30 rpm. T h e re fo re ,  the  a c tu a l  v i s c o s i t y  o f  the  
p u t r i f i e d  samples would be much h ig h e r  th a n  th e  v a lu e s  re c o rd e d  in
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TAME I I I .  A pparent V i s c o s i ty  and T o ta l  B a c t e r i a l  
Count ( f o r  Experim ent I )
Days o f 
i c e  s to r a g e
T o ta l  B a c te r i a l  
Count^a ' (# o f  
o rg .  p e r  gram 
o f  sample)
V i s c o s i t y  (cp)
Du pi
1
i c a t e  I 
2
Average
1 1 .2  x 104 367 378 374
7 7 .6  x 105 472 - 472
14 8 .7  x 107 511 543 527
28 4 .6  x 109 1830 1877
*00H
^a ^Tbe average  of the  d u p l i c a te  p l a t e s .
^^M easu red  a t  12 rpm and 5 .5  + 0 .5  C and 1 m inute a f t e r  the  




TABLE IV. A pparen t V i s c o s i t y  and E x t r a c t  R e lea se  
Volume (ERV) ( f o r  E xperim en t I I )
Days o f  
Ic e  s to r a g e
V i s c o s i t y  (cp) ERV (ml)
D u p l ic a te Average D u p l ic a te Average
1 2 1 2
1 339 328 334 2 9 .0 30 .0 29 .5
14 1604 1551 1578 2 1 .9 2 3 .0 2 2 .5
(a ) M easured a t  12 rpm and 5 .5  + 0 .5  and 1 m inu te  a f t e r  th e  
s w i tc h  was tu rn e d  on.
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th e  t a b l e .
The r e s u l t s  o f  b o th  ex p e r im en ts  a re  c o n s i s t e n t  w i th  the  f a c t  
t h a t  th e  v i s c o s i t y  o f b i o l o g i c a l  s u b s ta n c e s ,  e s p e c i a l l y  p r o t e in s ,  
g e n e r a l l y  in c r e a s e s  when th ey  a re  d e n a tu re d  and a l s o  the  r e s u l t s  a re  
c o n s i s t e n t  w i th  th e  f a c t  t h a t  th e  v isco m e try  i s  v e ry  s e n s i t i v e  to  
changes i n  th e  c o n f ig u r a t io n  o f m ic ro sco p ic  s t r u c t u r e s  o f  b i o l o g i c a l  
s u b s ta n c e s .  The In c re a s e  i n  ap p a re n t  v i s c o s i t y  o f  th e  homogenate 
m ight be e x p la in e d  on th e  b a s i s  o f  d e n a tu r a t lo n  r e s u l t i n g  from 
m ic ro b ia l  a c t i v i t y  t h a t  produces changes in  c o n f ig u r a t io n  o f  th e  
n a t i v e  p r o te in s  as w e l l  as changes i n  o th e r  c o n s t l t u i e n t s  o f  shrim p 
t i s s u e .
The e x t r a c t a b i l l t y  measurements o f  s o lu b le  p r o te in s  o f shrimp 
i n d i c a t e  t h a t  p r o te o ly s i s  i s  n o t  th e  main f a c t o r  r e s p o n s ib le  f o r  the  
d e t e r i o r a t i o n  o f th e  shrim p q u a l i t y .  T h e re fo re ,  i t  must be emphasized 
t h a t  th e  d e n a tu r a t lo n  p ro c e sse s  o f  b i o l o g i c a l  su b s tan ces  can n o t be 
p in p o in te d  because  many p a ram ete rs  a re  Inv o lv ed  and d e n a tu r a t lo n  can 
o n ly  be d e f in e d  by th e  a n a l y t i c a l  methods u se d .  In  t h i s  r e s p e c t ,  
C o lv in 's  p r o p o s i t io n  (21) must be r e s p e c te d :  I n s te a d  of u s in g  the
ambiguous word " d e n a tu r a t lo n " ,  o p e r a t i o n a l  d e f i n i t i o n  must be u sed .
E . I r r a d i a t i o n  of Shrimp
Experim ent I I I  was conducted  to  de te rm ine  th e  in f lu e n c e  o f 
io n iz in g  r a d i a t i o n  on shrim p q u a l i t y .  The p aram eters  used i n  t h i s  
s tu d y  were: (a )  a p p a re n t  v i s c o s i t y ,  (b) ERV, (c)  t o t a l  b a c t e r i a l
c o u n t ,  (d) b la c k  sp o t  c o u n t in g ,  and (e)  o r g a n o le p t ic  e s t im a t io n .
For ap p a re n t  v i s c o s i t y  and ERV, a 5 x 4 f a c t o r i a l  experim ent 
was used f o r  the  a n a ly s i s  o f  the  d a t a .  I t  c o n ta in e d  f iv e  l e v e l s  o f
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t r e a tm e n t  and f o u r  I n t e r v a l s  o f  days on I c e  s to r a g e  In  a  co m p le te ly
random ized d e s ig n .  L ik e w ise ,  f o r  o r g a n o le p t i c  e s t i m a t i o n ,  a  5 x 4
f a c t o r i a l  e x p e r im en t w i th  f i v e  l e v e l s  o f  t r e a tm e n t  and fo u r  I n t e r v a l s
o f  days on Ic e  s to r a g e  in  a  random ized com ple te  b lo c k  d e s ig n  w i th  s i x
b lo c k s  ( s i x  ju d g e s )  was u s e d .  F iv e  l e v e l s  o f  th e  t r e a tm e n t  were as
fo l lo w s :  (a )  t h e  n o n - I r r a d i a t e d  c o n t r o l  s t o r e d  i n  I c e ,  (b) th e  shrim p
oI r r a d i a t e d  w i th  0 .1  Mrad a t  25 C and su b seq u en t  s to r a g e  i n  i c e ,
o(c )  th e  shrim p I r r a d i a t e d  w i th  0 .1  Mrad a t  -3 0  C and su b seq u en t  s to r a g e  
In  I c e ,  (d) th e  shrim p i r r a d i a t e d  w i th  0 .4  Mrad a t  25°C and su b seq u en t  
s to r a g e  i n  i c e ,  and ( e )  th e  shrim p I r r a d i a t e d  w i th  0 .4  Mrad a t  -30°C 
and su b se q u e n t  s to r a g e  on i c e .  Four p e r io d s  o f  i c e  s to r a g e  were as 
fo l lo w s :  (a)  one d ay , (b) 7 d a y s ,  (c )  14 d a y s ,  and (d) 21 d a y s .
A n a ly s is  o f  v a r i a n c e  (ANOV) was used  f o r  th e  s t a t i s t i c a l  a n a ly s i s ,  
f o r  f i v e  l e v e l s  o f  t r e a tm e n t ,  th e  fo l lo w in g  o r th o g o n a l  com parisons 
were made: (a )  th e  n o n - i r r a d i a t e d  c o n t r o l  v s .  th e  i r r a d i a t e d  sh rim p ,
(b) th e  shrim p i r r a d i a t e d  a t  0 .1  Mrad and 0 .4  Mrad a t  te m p e ra tu re s  
o f  e i t h e r  25°C o r  -30°C , (c )  th e  shrim p i r r a d i a t e d  a t  25°C and -30°C 
w i th  th e  dose l e v e l s  o f  e i t h e r  25°C o r  -30°C and (d) i n t e r a c t i o n  o f 
th e  r a d i a t i o n  te m p e ra tu re  and th e  dose l e v e l s .  For fo u r  i n t e r v a l s  
o f  i c e  s to r a g e ,  th e  fo l lo w in g  c o e f f i c i e n t s  o f  o r th o g o n a l  com parisons 
were made: (a )  l i n e a r  e f f e c t ,  (b) q u a d r a t i c  e f f e c t ,  and (c )  cu b ic
e f f e c t .
P rev io u s  ex p e r im en ts  co n d u c ted  under l a b o r a t o r y  c o n d i t io n s  
i n d i c a t e d  th e  optimum dose l e v e l  f o r  i r r a d i a t i o n  o f shrim p to  be 0 .2  
Mrad. However, r e c e n t  work done by th e  r e s e a r c h  groups of 
T e c h n o lo g ic a l  L a b o ra to ry ,  B ureau  o f  Commercial F i s h e r i e s ,  G lo u c e s t e r ,  
M a ssa c h u se t ts  and by th e  D epartm ent of Food S c ience  and Technology a t
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L .S .U . , i n d i c a t e d  th e  optimum dose l e v e l  to  be 0 .1  Mrad r a t h e r  th a n  
0 .2  Mrad. They conduc ted  b a c t e r i o l o g i c a l  and o r g a n o le p t i c  e s t im a t io n s  
f o r  t h e i r  c o o p e r a t iv e  s h ip p in g  t e s t  s t u d i e s  (98)_em ploying  s im u la te d  
com m ercial c o n d i t i o n s .
The f a c t  t h a t  th e  optimum dose l e v e l  would be 0 .1  Mrad r a t h e r  
th a n  0 .2  Mrad can  be e x p la in e d  by th e  f o l lo w in g  f a c t s :  a f t e r  th e
c a t c h  th e  shrim p were i r r a d i a t e d  w i t h i n  24 h o u r s ,  a t  th e  m o st,  under 
l a b o r a t o r y  c o n d i t i o n s ,  w h e re a s ,  under s im u la te d  com m ercial c o n d i t i o n s ,  
th e  shrim p were i r r a d i a t e d ,  a t  l e a s t ,  w i t h i n  48 hours  a f t e r  th e  c a t c h .  
From th e  s ta n d p o in t  o f  p r a c t i c a l i t y ,  i t  a p p e a rs  t h a t  th e  optimum dose 
l e v e l  o f  0 .1  Mrad would be more f e a s i b l e  s in c e  e v e n tu a l  a p p l i c a t i o n  o f 
i r r a d i a t i n g  shrim p must be b ased  on a com m ercial s c a l e .  F u r th e rm o re ,  
i t  i s  d o u b t fu l  t h a t  l a b o r a t o r y  c o n d i t i o n s  would be ec o n o m ic a l ly  
f e a s i b l e  f o r  com m ercial p u rp o s e s .
T a b le  V shows th e  t o t a l  b a c t e r i a l  co u n t f o r  Experim en t I I I .
The t o t a l  b a c t e r i a l  coun t f o r  a l l  sam ples was found t o  in c r e a s e  in  
p r o p o r t io n  to  th e  days o f  i c e  s t o r a g e .  I t  i s  n o t i c e d  t h a t  th e  t o t a l  
b a c t e r i a l  c o u n ts  f o r  th e  c o n t r o l  a f t e r  14 days and 21 days were a lm ost 
th e  same l e v e l  as  th o se  f o r  th e  r a d i a t i o n - t r e a t e d  sam ples a f t e r  21 
d a y s .  Y e t ,  th e  c o n t r o l  sm e lle d  p u t r i d  a f t e r  14 d ay s ,  w hereas the  
t r e a t e d  sam ples d id  n o t sm e ll  bad even  a f t e r  21 d a y s .  T h is  f a c t  
im p l ie s  t h a t  th e  m ic ro b ia l  f l o r a  o f  th e  n o n - i r r a d i a t e d  c o n t r o l  had 
more s p o i l a g e  m icroorgan ism s th a n  the  i r r a d i a t e d  sa m p le s .  I n  a d d i t i o n ,  
i t  can  b e  i n f e r r e d  t h a t  th e  t o t a l  b a c t e r i a l  c o u n t  per  se  i s  n o t  a 
good q u a l i t y  in d ex  when i t  i s  used to  compare th e  c o n t r o l  w i th  the  
i r r a d i a t e d  sample a t  th e  l a t e r  p e r io d  o f  i c e  s t o r a g e .  Low dose 
i r r a d i a t i o n  n o t  o n ly  red u ced  th e  i n i t i a l  t o t a l  b a c t e r i a l  c o u n t ,  b u t
TABLE V. T o ta l  B a c t e r i a l  Count^a  ^ f o r  Experim ent I I I  
(#  o f o rgan ism s p e r  gram o f  sample)
T rea tm en t
Days o f  I c e  S to ra g e
1 7 14 21
C o n tro l 7 .9  x 104 3 .0  x 106 8 .8  x 107 9 .0  x 107
0 .1  Mrad 
(? 25 C
45 .1  x 10 6 .8  x 104 3 .4  x 106 9 .9  x 107
0 .1  Mrad 
@ -30  C
3
<  3 .0  x 10 61 .1  x 10 1 .7  x 107 2 .8  x 107
0 .4  Mrad 
@ 25 C
< 3 .0  x 103 < 3 .0  x 104 < 3 .0  x 105 < 3 .0  x 105
0 .4  Mrad 
@ -30
<  3 .0  x  103 < 3 .0  x 104 < 3 .0  x 105 1 .5  x 106
( a ^The av erag e  o f  th e  d u p l i c a t e  p l a t e s
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a l s o  damaged o r  a l t e r e d  th e  b io c h e m ic a l  a c t i v i t y  o f v i a b l e  m ic ro -
organ ism s In  th e  s to r e d  sam ple . I t  I s  a l s o  n o t i c e d  t h a t  th e  b a c t e r i a l
o
grow th  r a t e  f o r  th e  shrim p I r r a d i a t e d  a t  -3 0  C and s u b se q u e n t ly  Ice
s t o r e d  In  the  c o ld  room was f a s t e r  th a n  t h a t  f o r  th e  shrim p I r r a d i a t e d  
o
a t  25 C and s u b se q u e n t ly  Ic e  s t o r e d  In  th e  c o ld  room a t  b o th  l e v e l s  o f  
0 .1  and 0 .4  M rad. The f r e e z i n g  d u r in g  I r r a d i a t i o n  and thaw ing  a f t e r  
I r r a d i a t i o n  may have d e n a tu re d  shrim p t i s s u e s  so t h a t  th e  o v e r a l l  
e f f e c t  was t o  promote more s u i t a b l e  c o n d i t i o n s  f o r  b a c t e r i a l  g row th .
The r e s u l t s  o f th e  a n a l y s i s  o f  v a r i a n c e  o f th e  a p p a re n t  v i s c o s i t y  
d a ta  a r e  g iv e n  in  T ab le  V I; th e  mean v a lu e s  o f  th e  a p p a re n t  v i s c o s i t i e s  
a r e  g iv en  In  c e n t l p o l s e s  In  T ab le  V I I .
H igh ly  s i g n i f i c a n t  l i n e a r , q u a d r a t i c ,  and cu b ic  e f f e c t s  f o r  days 
o f Ic e  s to r a g e  a r e  shown i n  Table  V I; th e s e  f in d in g s  s u g g e s t  t h a t  
p r o t e in s  and p o s s ib ly  o th e r  c o n s t i t u e n t s  o f  shrim p t i s s u e  d e n a tu re d  
g r a d u a l ly  d u r in g  th e  f i r s t  14 days o f  i c e  s to r a g e ,  and th e n  th e  
d e n a tu r a t l o n  s h a rp ly  i n c r e a s e d ,  as i n d i c a t e d  i n  T ab le  V II  by th e  much 
l a r g e r  v a lu e s  o b ta in e d  on th e  2 1 s t  day o f  i c e  s to r a g e  f o r  b o th  th e  
c o n t r o l  and th e  I r r a d i a t e d  sh r im p .  These r e s u l t s  a re  s i m i l a r  to  
th o se  o b ta in e d  i n  E xperim en ts  I  and I I ,  p r e v io u s ly  l i s t e d  i n  T ab les  
I I I  and IV.
A lthough  th e  i r r a d i a t e d  shrim p d id  n o t  p u t r i f y  a f t e r  21 days 
o f  i c e  s to r a g e ,  y e t  th e  r e s u l t s  show t h a t  th e  a p p a re n t  v i s c o s i t y  o f  
th e  i r r a d i a t e d  shrim p in c r e a s e d  In  the  same o r d e r  as th& t o f  th e  
c o n t r o l .  T h e re fo re ,  f o r  th e  c o n t r o l ,  th e  a p p a re n t  v i s c o s i t y  cou ld  
be u se d  as a q u a l i t y  index  b ec a u se  th e  s l im y  and o d o r i f e r o u s  sample 
always gave a  v e ry  h ig h  a p p a re n t  v i s c o s i t y .  For th e  i r r a d i a t e d  
sh rim p , a p p a re n t  v i s c o s i t y  a lo n e  can n o t  be used  as an i n d i c a t o r  of
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th e  d eg ree  o f  shrim p s p o i l a g e ,  b u t  I t  c o u ld  b e  u sed  as a  g u id e  t o  th e  
d eg ree  o f  d e n a tu r a t l o n  o f  p r o t e in s  and p o s s ib ly  o th e r  c o n s t i t u e n t s  o f  
t h e  i r r a d i a t e d  shrim p d u r in g  th e  i c e  s to r a g e  p e r i o d s .
The a n a l y s i s  of v a r i a n c e  (Table  V I) o f  th e  c e n t l p o i s e  v a lu e s  a l s o  
showed s i g n i f i c a n t  d i f f e r e n c e s  betw een  th e  a p p a re n t  v i s c o s i t i e s  o f ;
( a )  th e  c o n t r o l ,  6 9 1 .5 ,  and th e  i r r a d i a t e d  sh r im p , 7 5 8 .7 ;  (b) shrim p 
i r r a d i a t e d  a t  0 .1  Mrad, 7 5 0 .9 ,  and th o se  i r r a d i a t e d  a t  0 .4  Mrad,
7 6 6 .5 ;  (c )  shrim p i r r a d i a t e d  a t  25°C, 7 9 5 .0 ,  and th o se  i r r a d i a t e d  a t  
-30°C , 7 2 2 .4 .
I n  a d d i t i o n ,  th e  a n a l y s i s  o f  v a r i a n c e  showed t h a t  th e  i n t e r ­
a c t i o n  be tw een  l e v e l  o f  i r r a d i a t i o n  ( 0 .1  and 0 .4  Mrad) and te m p e ra tu re
o o
o f  i r r a d i a t i o n  (25 and -3 0  C) was n o t  s i g n i f i c a n t .  However, th e  
I n t e r a c t i o n  betw een days o f s t o r a g e ,  (A ), and t r e a t m e n t s ,  (B ) ,  was 
h ig h ly  s i g n i f i c a n t .  T h is  showed t h a t  th e  d i f f e r e n t  i r r a d i a t i o n  t r e a t ­
ments d id  n o t  a f f e c t  th e  s to r a g e  c h a r a c t e r i s t i c s  o f  shrim p i n  a u n i ­
form m anner. Extreme c a re  must be ta k e n  i n  i n t e r p r e t i n g  a l l  th e se  
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s .  F o r  exam ple, f o r  i r r a d i a t e d  shrimp 
two d e n a tu r in g  e f f e c t s  have to  be c o n s id e re d ,  nam ely , th e  e f f e c t s  of 
gamna ra y s  on th e  c o n f i g u r a t i o n  o f th e  p r o t e i n s ,  and th en  th e  e f f e c t s  
on th e  r e s u l t i n g  d e n a tu re d  p r o te in s  o f d i f f e r e n t  m ic ro b ia l  f l o r a  
w hich s u rv iv e d  th e  i r r a d i a t i o n  p r o c e s s .
The mean c e n t l p o i s e  v a lu e s  i n  T ab le  V I I ,  b e s id e s  i n d i c a t i n g  
t h a t  i r r a d i a t i o n  und o u b ted ly  d e n a tu re d  th e  p r o t e i n s  and p o s s ib ly  o th e r  
c o n s t i t u e n t s  o f  th e  sh r im p , a l s o  showed t h a t  th e  l e a s t  d e n a tu r a t lo n  
o c c u r re d  a t  - 3 0°C w i th  th e  i r r a d i a t i o n  l e v e l  o f  0 .1  Mrad.
► The r e s u l t s  of th e  a n a l y s i s  o f v a r i a n c e  o f  th e  e x t r a c t  r e l e a s e  
volume d a t a  a r e  p r e s e n te d  i n  T ab le  V I I I ;  th e  mean v a lu e s  in  m i l i l i t e r s
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TABIZ V I. ANOV T a b le  on th e  A pparen t V i s c o s i t y
Source o f  V a r i a t i o n
Degrees o f 
Freedom Mean Square F Value
T o ta l 39
Days o f  I c e  S to ra g e (A) 3 3 ,8 4 1 ,5 6 4 8298**
L in e a r 1 8 ,1 4 7 ,8 7 7 17 ,598 .01**
Q u a d ra t ic 1 2 ,8 2 5 ,9 8 6 6 ,1 0 3 .6 4 * *
Cubic 1 550 ,830 1 ,1 8 9 .7 0 * *
T rea tm en t (B) 4 18,366 39.7**
(1 )  v s .  ( 2 ) ,  ( 3 ) , (4)»  (5) 1 28 ,837 62.28**
( 2 ) ,  (3) v s .  ( 4 ) , (5) 1 2 ,0 1 9 4 .3 6 *
( 2 ) ,  (4) v s .  ( 3 ) , (5) 1 42 ,195 91.13**
( 2 ) ,  (5) v s .  ( 3 ) , (4) 1 481 1 .04
(A) x  (B) 12 16,034 34.6**
E r r o r 20 462 .95
* * S i g n i f l e a n t  a t  p ^  0 .01  
♦ S i g n i f i c a n t  a t  p < 0 .05
TABLE V I I .  A pparen t V i s c o s i t y  Mean V a l u e ^  In  
C e n t lp o is e  ( f o r  E x p e rim en t I I I )
T rea tm en t Days o f  Ic e  S to rag e
1 7 14 2 1 0>) Average
(1) C o n tro l 342 .0 378 .0 576 .0 1470.0 691.5;
(2) 0 .1  Mrad 
<3 25 C
323 .0 4 7 5 .0 5 1 8 .0 1817.0 783.3
(3) 0 .1  Mrad 
(3 -30  c
356.0 4 2 3 .0 52 6 .5 1568 .0 718.4
(4) 0 .4  Mrad 
<3 25 C
377 .0 4 1 6 .0 583 .5 1850.0 806 .6
(5) 0 .4  Mrad 
<3 -3 0  C
367 .0 4 8 3 .0 4 1 5 .0 1640 .0 726.3
Average 353.0 4 3 5 .0 523 .8 1669.0
^a ^Means o f  th e  d u p l i c a t e .  The I n d iv id u a l  v a lu e s  t h a t  y i e ld e d  
‘ th e s e  means a re  g iv e n  i n  T ab le  l a  i n  th e  A ppendix .
Measured a t  12 rpm and a t  5 .5  + 0 .5  C and 1 m inu te  a f t e r  th e  
s w i tc h  was tu rn e d  o n .
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f o r  th e  d i f f e r e n t  t r e a tm e n ts  a r e  l i s t e d  i n  T ab le  IX.
I n  T ab le  V I I I  the  a n a l y s i s  of v a r i a n c e  i n d i c a t e d  th e  fo l lo w in g :  
(a )  The e f f e c t s  o f  th e  days o f  i c e  s to r a g e  were h ig h ly  s i g n i f i c a n t ;  th e  
lo n g e r  th e  p e r io d  o f  i c e  s t o r a g e ,  th e  s m a l le r  th e  ERV. (b) The l i n e a r  
and  c u b ic  e f f e c t s  f o r  th e  days o f  i c e  s to r a g e  were h ig h ly  s i g n i f i c a n t ;  
t h e r e  was a  d e f i n i t e  d e c re a se  i n  ERV i n  p r o p o r t io n  t o  th e  days o f  i c e  
s t o r a g e .  T h is  r e s u l t  i s  I n  agreem ent w i t h  t h a t  o f  Jay  (5 1 ,5 2 )  who 
r e p o r t e d  t h a t  th e  ERV f o r  m eat d e c re a se d  l e s s  d u r in g  th e  f i r s t  s ta g e  
o f  s p o i la g e  and as th e  meat p r o g r e s s i v e l y  d e t e r i o r a t e d ,  th e  ERV 
d e c re a se d  l i n e a r l y ,  (c )  The e f f e c t s  o f  th e  t r e a tm e n ts  on ERV were 
h ig h ly  s i g n i f i c a n t ;  some t r e a tm e n ts  p roduced g r e a t e r  e x t r a c t  r e l e a s e  
volumes th a n  o t h e r s ,  (d) The d i f f e r e n c e  betw een t h e  c o n t r o l  (2 4 .0 6 )  
and th e  i r r a d i a t e d  shrim p (2 8 .0 7 )  was h ig h ly  s i g n i f i c a n t ,  (e )  The 
d i f f e r e n c e  be tw een  th e  l e v e l s  o f  i r r a d i a t i o n  o f  sh r im p ,  0 .1  Mrad 
(2 9 .9 9 )  and 0 .4  Mrad (2 6 .1 5 )  was h ig h ly  s i g n i f i c a n t ,  ( f )  The 
d i f f e r e n c e  betw een th e  t e m p e ra tu re s  o f  i r r a d i a t i o n  o f  sh r im p , 25°C 
(2 8 .5 4 )  and -30°C (2 7 .6 0 )  was n o t  s i g n i f i c a n t ,  (g) The i n t e r a c t i o n  
betw een  l e v e l  o f  i r r a d i a t t  on and te m p e ra tu re  o f  i r r a d i a t i o n  was h ig h ly  
s i g n i f i c a n t ;  t h a t  i s ,  th e  e f f e c t s  on ERV o f  i r r a d i a t i n g  shrim p a t  
d i f f e r e n t  l e v e l s  w ete  n o t  u n ifo rm  a t  d i f f e r e n t  te m p e ra tu re s  o f  
i r r a d i a t i o n .  The shrim p i r r a d i a t e d  w i th  0 .1  Mrad a t  -30°C had the
h ig h e s t  ERV v a lu e ,  (h) The i n t e r a c t i o n  betw een days o f  i c e  s t o r a g e ,  ' 
(A ), and t r e a tm e n t s ,  (B ) , was h ig h ly  s i g n i f i c a n t ;  t h a t  i s ,  th e  e f f e c t s  
on ERV o f  th e  d i f f e r e n t  i r r a d i a t i o n  t r e a tm e n ts  were n o t  un ifo rm  w i th  
r e s p e c t  to  th e  days o f  i c e  s t o r a g e .
No b la c k  s p o ts  were found  on any sample b e f o r e  seven  days o f 
i c e  s t o r a g e .  A f te r  14 days o f  the  s t o r a g e ,  tw e n ty - fo u r  per c e n t  of
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TABLE V I I I .  ANOV T a b le  on ERV
Source o f  V a r i a t i o n
Degrees of 
Freedom Mean Square F Value
T o ta l 39
Days o f  I c e  S to ra g e (A) 3 198.94 1 13 .68**
L in e a r 1 554 .77 317.01**
Q u a d ra t ic 1 2 .7 6 1 .5 8
Cubic 1 43 .52 24.87**
T rea tm en t (B) 4 93 .71 53.55**
(1) v s .  ( 2 ) ,  ( 3 ) , ( 4 ) ,  (5) 1 99 .70 56.97**
( 2 ) ,  (3)» v s .  (4) , (5) 1 118 .20 67.54**
( 2 ) ,  (4)  v s .  ( 3 ) , (5) 1 7 .13 4 .0 7
(2)»  (5) v s .  ( 3 ) , (4) 1 146.63 83.79**
(A) x (B) 12 4 6 .9 9 26.85**
E r r o r 20 1 .75
* * S l g n i f l e a n t  a t  p (  0 .01
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TABLE IX. EKV Mean Value  ^  In  ml 
( f o r  E xperim en t I I I )
T rea tm en t Days o f  I c e  S to rag e
1 7 14 21 Average
(1) C o n tro l 2 6 .0 0 30 .5 0 21 .25 18.50 24 .0 6
(2) 0 .1  Mrad 
@ 25 C
26 .25 4 0 .4 0 2 1 .5 0 25 .15 28.32
(3) 0 .1  Mrad 
@ -3 0  C
4 2 .0 0 26 .75 31 .40 26 .50 31 .66
(4) 0 .4  Mrad 
<? 25 C
35.25 28 .90 27 .75 23 .15 28 .76
(5 )  0 .4  Mrad 
<a -2 0  C
2 8 .0 0 2 6 .5 0 2 0 .5 0 19.15 23 .54
Average 31 .5 0 30.61 24 .48 22.49
^ M e a n s  o f  d u p l i c a t e  sam ple .  The in d i v i d u a l  v a lu e s  t h a t  y i e ld e d  
* th e s e  means a re  g iv e n  i n  T a b le  I l i a  i n  th e  Appendix.
th e  shrimp i r r a d i a t e d  w i th  0 .4  Mrad a t  -30°C developed  black, s p o ts  
as  fo l lo w s :  s l ig h t - 1 7 .5 7 . ,  s e v e re -6 .5 7 . .  No b la c k  s p o ts  were found on 
th e  c o n t r o l  and on the  samples i r r a d i a t e d  w i th  0 .1  Mrad a t  25 and -30°C 
and the  sample I r r a d i a t e d  w i th  0 .4  Mrad a t  25°C a f t e r  14 d a y s .  A f te r  21 
days o f th e  s to r a g e ,  no b la c k  s p o ts  were found on th e  c o n t r o l  o r on 
th e  samples i r r a d i a t e d  w i th  0 .1  Mrad a t  e i t h e r  25 C o r  -30°C.
However, te n  p e rc e n t  o f  th e  shrim p i r r a d i a t e d  w i th  0 .4  Mrad a t  25°C 
developed  b la c k  s p o ts  as fo l lo w s :  s l i g h t - 3 .6 7 0, s ev e re -7 .2 % . A l l  samples 
I r r a d i a t e d  w i th  0 .4  Mrad a t  -30°C developed b la c k  sp o ts  on the  t a i l  
p o r t io n  and dark  d i s c o l o r a t i o n  in  th e  m eat, and exuded b la c k  l iq u o r  
from th e  body. No b la c k  s p o ts  were formed on the c o n t r o l  or on the  
sample I r r a d i a t e d  w ith  0 .1  Mrad th ro u g h o u t t h i s  ex p e r im e n ta l  p e r io d .  
These r e s u l t s  a re  c o n t r a d i c to r y  to  K o p f l e r 's  (6 5 ) .  He r e p o r t e d  t h a t  
a f t e r  seven days o f th e  i c e  s to r a g e ,  th e  b la c k  s p o ts  were a l r e a d y  
developed  on the  c o n t r o l  and on th e  samples i r r a d i a t e d  w i th  0 .15  Mrad. 
T h is  may be due to  d i f f e r e n c e s  in  so u rces  o f  th e  shrimp u sed .
The r e s u l t s  o f the  a n a ly s i s  o f v a r ia n c e  of the  o v e r a l l  o rgano­
l e p t i c  e s t im a t io n s  a re  g iv en  in  Table  X; the  mean v a lu e s  o f th e  hedonic 
s c o re s  a re  l i s t e d  in  Table  XI.
In  c o n t r a s t  to  the  numerous s i g n i f i c a n t  e f f e c t s  r e v e a le d  by the  
a n a ly se s  o f  v a r ia n c e  r e p o r te d  in  Tab les  VI and V I I I  on the  v i s c o s i t y  
and ERV d a t a ,  on ly  two e f f e c t s  l i s t e d  in  Table  X a f f e c t e d  th e  organo­
l e p t i c  s c o r e s .  These were the  e f f e c t s  o f  t r e a tm e n ts ,  (B ), and the 
lev e ls ,  o f  i r r a d i a t i o n ,  0 .1  Mrad and 0 .4  Mrad. The judges  p r e f e r r e d  
th e  shrimp which had been i r r a d i a t e d  a t  0 .1  Mrad.
Shrimp t h a t  had been i r r a d i a t e d  w i th  0 .1  Mrad a t  -30°C 
c o n s i s t e n t l y  r e c e iv e d  the  h ig h e s t  s c o res  th roughou t th e  21-day p e r io d
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TABU! X. ANOV T ab le  on O v e ra l l  O rg a n o le p t ic  
E s t im a t io n s
Source o f  V a r i a t i o n Degrees o f  
Freedom
Mean Square F Value
T o ta l 119
Judge 5 1 .4 1 .1
Days o f  I c e  S to ra g e (A) 3 3 .2 2 .4
T rea tm en t (B)
(1) v s .  ( 2 ) ,  ( 3 ) ,
( 2 ) ,  (3)  v s .  ( 4 ) ,  
( 2 ) ,  (4 )  v s .  ( 3 ) ,  




















(A) x  (B) 12 0 .9 .7
E r r o r 95 1 .33
★ S ig n i f ic a n t  a t  p (  0 .0 5
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TABLE XI. Mean V alue^a ^of O v e ra l l  O rg a n o le p t ic  
E s t im a t io n s  ( fo r  Experim ent I I I )
T rea tm en t Days o f I c e  S to rage
1 7 14 21 Average
(1) C o n tro l 7 .67 7.17 6 .61 5 .63 6 .77
(2) 0 .1  Mrad 
0  25 C
7.63 7.63 7.04 6 .58 7.22
(3) 0 .1  Mrad 
@ -30  C
7.71 7.83 7.79 7.63 7.74
(4) 0 .4  Mrad 
@ 25 C
6 .93 6 .79 6 .96 7.03 6 .93
(5) 0 .4  Mrad 
@ -30  C
7.21 7.22 7.13 6.62 7.04
Average 7.43 7.33 7.11 6 .7 0
^a ^Means of th e  o r g a n o le p t ic  s c o re s  judged by s i x  members of 
t a s t e  p a n e l .
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o f  I c e  s to r a g e .
D if fe re n c e s  among th e  jud g es  were n o t  s i g n i f i c a n t .
A lthough n o t  s i g n i f i c a n t  a t  th e  57. l e v e l ,  two g e n e ra l  t r e n d s  
were n o ted :  (a)  a f t e r  hav ing  been  s u b je c te d  to  ic e  s to r a g e ,  the  
i r r a d i a t e d  shrimp r e c e iv e d  h ig h e r  s c o re s  than  th e  co rre sp o n d in g  
c o n t r o l s ;  (b) th e  lo n g e r  th e  shrim p rem ained i n  ic e  s to r a g e ,  th e  l e s s  
th ey  were p r e f e r r e d  by th e  t a s t e  p a n e l .
F .  C o r r e l a t io n  o f  A pparent V is c o s i ty  w ith  
O ther Q u a l i ty  I n d ic e s
I n  1956, B a i le y  £ t  a l  (10) p u b l ish e d  an e x c e l l e n t  g e n e ra l  
rev iew  of th e  c h em ica l ,  p h y s i c a l ,  and m ic ro b io lo g ic a l  t e s t s  t h a t  had 
been  used p r i o r  to  t h a t  time f o r  d e te rm in in g  th e  r e l a t i v e  q u a l i t y  of 
i c e  s to r e d  sh rim p . The rev iew  was b ro u g h t  up to  d a te  i n  1967 by 
S e tto o n  (85) in  h is  d i s c u s s io n  of th e  use o f ca rb o n y l  compounds in  
shrim p as an index  o f  q u a l i t y .  These and o th e r  w orkers have p o in te d  
o u t  the  advan tages  and l i m i t a t i o n s  o f the  d i f f e r e n t  t e s t i n g  p ro ced u res  
f o r  q u a l i t y ;  fu r th e rm o re ,  th e  t e s t s  t h a t  have been developed  to  measure 
known p ro d u c ts  o f  shrim p decom posit ion  such as in d o le ,  t r im e th y la m in e , 
and ammonia a re  o f  i n s u f f i c i e n t  r e l i a b i l i t y  to  be in d e p e n d e n tly  
employed as a b s o lu te  in d ic e s  o f q u a l i t y .
In  1952, W illiam s and co-w orkers  (101,102) r e p o r te d  t h a t  the  
ty p es  o f b a c t e r i a  i n i t i a l l y  p r e s e n t  in  f r e s h  shrimp cau g h t  a d ja c e n t  
t o  th e  Texas c o a s t  c o n s i s t e d  to  the  e x te n t  of 78 per c e n t  o f  organism s 
d i s t r i b u t e d  among fo u r  g ro u p s ,  namely, Ac hr omob ac te  r , B a c i l l u s , 
M ic ro co ccu s , and Pseudomonas. In  1965, L iuzzo  e t  a l
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(100) d e s c r ib e d  Che i s o l a t i o n  and i d e n t i f i c a t i o n  of seven r a d i a t i o n -  
r e s i s t a n t  b a c t e r i a  from f r e s h  G ulf  sh rim p . They c l a s s i f i e d  th e se  
b a c t e r i a  i n t o  th e  fo l lo w in g  g en era  and s p e c ie s :  B re v ib a c te r iu m  
m l n u t l f e r u l a , G affkya homar1 , S a rc ln a  f l a v a , B a c i l l u s  m ega te r ium , 
Achromobacter e u r y d lc e , B a c i l l u s  f l r m u s , and B a c i l lu s  p u m llu s .
F le g e r  £ t  a l ( 3 7 ) ,  on th e  b a s i s  o f  com para tive  ch em ica l,  b a c t e r i o l o g i c a l ,  
and o r g a n o le p t ic  t e s t s ,  p o s tu l a t e d  two types  o f  changes to  accoun t f o r  
l o s s  o f q u a l i t y  and s p o i la g e  of shrim p. They su g g e s te d  t h a t  th e  
changes t h a t  were r e s p o n s ib le  f o r  th e  l o s s  of the sw eet f l a v o r  and 
some s o f t e n in g  of the  t i s s u e  predom inated d u r in g  th e  f i r s t  seven  days 
o f  i c e  s to r a g e  and p ro b ab ly  were c a ta ly z e d  by t i s s u e  enzym es. They 
c a l l e d  th e se  changes " t i s s u e  a u t o l y s i s " .  A lthough lo s s  o f  q u a l i t y  
appeared  du ring  t h i s  p e r io d ,  s p o i la g e  had n o t y e t  o c c u r re d .  They 
found t h a t  the  second type o f change predom inated  a f t e r  th e  i n i t i a l  
7-day p e r io d  o f i c e  s to r a g e  and r e s u l t e d  from th e  m u l t i p l i c a t i o n  o f  
b a c t e r i a .  I n  t h e i r  com para tive  s tudy  o f o b je c t iv e  t e s t s  th ey  p o in te d  
o u t  t h a t  b a c t e r i a l  coun t a lone a r e  u n r e l i a b l e  in  d i f f e r e n t i a t i o n  of 
v a r io u s  d e g ra d a t io n  s ta g e s  in  q u a l i t y  o f  sh rim p .
S e t to o n  (85) remarked t h a t  no in d u s try -w id e  s ta n d a rd s  of shrimp 
q u a l i t y  have been o f f i c i a l l y  e s t a b l i s h e d  fo r  the  s im ple  re a so n  t h a t  
• t h e r e  ar^  no co m p le te ly  s a t i s f a c t o r y  methods fo r  a c c u r a te ly  and 
q u a n t i t a t i v e l y  m easuring  th e  p ro g re s s iv e  changes t h a t  occur d u r in g  
d e t e r i o r a t i o n .  The o l d e s t  and most w id e ly  used  method o f e v a lu a t in g  
th e  a c c e p t a b i l i t y  and e d i b i l i t y  of shrim p r e l i e s  on fo u r  se n se s :  
s i g h t ,  s m e l l ,  t a s t e ,  and touch , which in  p r a c t i c e  a re  r a t e d  h e d o n lc a l ly  
as  ap p ea ran ce ,  odo r,  f l a v o r ,  and t e x t u r e .  These o r g a n o le p t ic  t e s t s  
a re  s u b j e c t i v e .  F a rb e r  (30) summarized t h e i r  advan tages  and
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l i m i t a t i o n s  as fo l lo w s :
"The rea so n s  f o r  th e  p r e f e r e n t i a l  use o f sen so ry  
t e s t s  a re  obv ious: no s p e c i a l  l a b o r a to r y  equipm ent i s
needed ; th e  f i s h  can be examined w herever th e y  happen 
to  b e ;  th e  t e s t s  can  be c a r r i e d  o u t q u ic k ly ;  and many 
samples can be e v a lu a te d  i n  a r e l a t i v e l y  s h o r t  t im e .
These obvious a d v a n ta g e s ,  however, a re  to  a  g r e a t  e x t e n t  
c o u n te rb a la n c e d  by a number o f  d isa d v a n ta g e s  in h e r e n t  
in  th e  o r g a n o le p t ic  method t h a t  s i g n i f i c a n t l y  d e t r a c t  
from i t s  u s e f u ln e s s .  The use of th e  se n se s  i s  a sub­
j e c t i v e  p rocedure  and a t  b e s t  on ly  v e ry  ro u g h ly  q u a n t i ­
t a t i v e .  The im p ress io n s  r e g i s t e r e d  a r e  th e  r e s u l t  of 
th e  i n t e r a c t i o n  o f  a number o f  p h y s io lo g ic a l ,  psycho­
l o g i c a l ,  e n v iro n m e n ta l ,  and even economic f a c t o r s ,  
i n c lu d in g  s t a t e  of h e a l t h ,  p e rso n a l  p r e j u d i c e s ,  
p r e fe r e n c e s  and i n t e r e s t s ,  s en so ry  a c u i t y ,  freedom
from d i s t u r b i n g  and I n f lu e n c in g  c o n d i t io n s  in  the
exam ining env ironm en t,  and m otives o f  p o s s ib le  p r o f i t  
o r  l o s s .  The demand upon th e  se n se s  becomes most 
c r i t i c a l  and d i f f i c u l t  when th e y  a re  r e q u i r e d  to  
d i s t i n g u i s h  and a s s e s s  th e  s o - c a l l e d  b o r d e r l i n e  s ta g e  
o f  f r e s h n e s s  or th e  s ta g e  of i n c i p i e n t  s p o i la g e  ( t h a t  
i s ,  when a  f i s h  sample to  be judged I s  in  th e  l a s t  
s t a g e s  o f  f r e s h n e s s  o r in  th e  f i r s t  s ta g e s  o f  s p o i l a g e ) .
T h is  t a s k  i s  w e l l  re c o g n iz e d  as a d i f f i c u l t  one, where 
even  ex p e r ie n c e d  judges  o f te n  d i f f e r  in  t h e i r  e v a lu a t io n .
The r e p o r t s  c i t e d  above a re  r e p r e s e n t a t i v e  o f th o se  of a l a r g e
number o f  w orkers  who em phasize th e  need fo r  the  development of
a d d i t i o n a l  o b j e c t iv e  methods to  measure d e t e r i o r a t i o n  of q u a l i t y  and
degree  o f  s p o i la g e  in  shrim p and o th e r  s h e l l f i s h .
A p rom is ing  new o b je c t iv e  method o f a s s e s s in g  q u a l i t y  o f  shrimp
c o n s i s t s  o f  m easuring  th e  ap p a re n t  v i s c o s i t y  of shrimp hom ogenates.
•In  Table  X II below a re  g iven  th e  v a lu e s  of th e  Pearson  product-moment
c o e f f i c i e n t s  o f  c o r r e l a t i o n  of th e  c e n t ip o i s e  v a lu e s  of th e  a p p a ren t
v i s c o s i t y  of shrim p homogenates w i th  seven o th e r  in d ic e s  of q u a l i t y ,
namely, t o t a l  b a c t e r i a l  c o u n t , e x t r a c t  r e l e a s e  volume (ERV), o v e r a l l
o r g a n o le p t ic  s c o re s  by s i x  judges  who e v a lu a te d  fo u r  a t t r i b u t e s
(ap p e a ra n c e ,  o d o r ,  f l a v o r ,  and t e x t u r e ) ,  and s e p a ra te  mean sc o res  f o r
ap p earan ce , o d o r ,  f l a v o r  and t e x tu r e  by the  same s ix  ju d g e s .  The
TABLE XXI. C o r r e l a t io n  C o e f f i c i e n t s
d . f .
C o r r e l a t io n
C o e f f i c i e n t
V i s c o s i t y  v s .  T o ta l  
B a c t e r i a l  Count 18 0.497*
V is c o s i ty  v s .  ERV 18 -0 .452*
V is c o s i ty  v s .  O v e ra l l  
O rg a n o le p t ic  E s t im a t io n 18 -0 .4 7 6 *
(1) V is c o s i ty  v s .  
Appearance 18 -0 .444*
(2) V i s c o s i ty  v s .  
Odor 18 -0 .624**
(3) V is c o s i ty  v s . 
F la v o r 18 -0 .307
(4) V is c o s i t y  v s . 
T ex tu re 18 -0 .4 3 8
* S i g n i f l e a n t  a t  p 0 .05
C r i t i c a l
0.444
v a lu e s :  
a t  57. l e v e l
* * S ig n i f l e a n t  a t  p 0 .01 0.561 a t  17. l e v e l
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o r i g i n a l  m easurements o f  th e se  seven p a ra m e te rs ,  from which the  
c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d ,  a r e  l i s t e d  in  Table  IVa in  
t h e  Appendix.
The c e n t l p o l s e  v a lu e s  of a p p a re n t  v i s c o s i t y  of shrim p homogenates 
and th e  t o t a l  b a c t e r i a l  co u n ts  were p o s i t i v e l y  and s i g n i f i c a n t l y  
c o r r e l a t e d  (p < 0 .0 5 ) ;  as th e  t o t a l  b a c t e r i a l  coun t i n c r e a s e d ,  the  
a p p a re n t  v i s c o s i t y  a l s o  in c r e a s e d .
A pparent v i s c o s i t y  and e x t r a c t  r e l e a s e  volume were n e g a t iv e ly  
and s i g n i f i c a n t l y  c o r r e l a t e d  (p ^  0 .0 5 ) ;  as th e  e x t r a c t  r e l e a s e  
volume d e c re a se d ,  th e  ap p a re n t  v i s c o s i t y  i n c r e a s e d .
S im i l a r ly ,  th e  o v e r a l l  o r g a n o le p t ic  s c o re s  and a p p a re n t  
v i s c o s i t y  were n e g a t iv e ly  and s i g n i f i c a n t l y  c o r r e l a t e d  (p ^  0 .0 5 ) ;  the  
lower th e  o r g a n o le p t ic  s c o r e ,  the  g r e a t e r  th e  ap p a re n t  v i s c o s i t y .
The appearance  o f  the  shrimp and the a p p a re n t  v i s c o s i t y  were 
n e g a t iv e ly  and s i g n i f i c a n t l y  c o r r e l a t e d  (p ^  0 .0 5 ) ;  th e  p o o re r  the  
a p p e a ra n c e ,  the  g r e a t e r  th e  a p p a re n t  v i s c o s i t y .
A h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  (p { 0 .0 1 )w ere  ob ta ined
betw een odor of th e  shrim p and ap p a re n t  v i s c o s i t y ;  th e  b e t t e r  the
v
o d o r ,  th e  s m a l le r  th e  a p p a re n t  v i s c o s i t y .
The c o r r e l a t i o n s  betw een a p p a re n t  v i s c o s i t y  and f l a v o r ,  and 
• t e x t u r e , were n e g a t iv e  b u t  th ey  were no t s i g n i f i c a n t  (p ^ 0 .0 5 ) .
SUMMARY AND CONCLUSIONS
I n  o rd e r  to  o b ta in  r e p ro d u c ib le  c e n t l p o l s e  re a d in g s  o f ap p a re n t
v i s c o s i t y  of shrim p homogenate, s t r i c t  a t t e n t i o n  must be g iv en  to
f iv e  l a b o r a to r y  d e t a i l s :  (a )  th e  shrim p must be d eve ined  b e fo re
hom ogenization  o r m a c e ra t io n ;  (b) th e  p ro p er  s o lv e n ts  must be used
i n  making the  homogenate; (c )  th e  c o n c e n t r a t io n  o f th e  homogenate
must n o t  v a ry ;  (d) th e  te m p e ra tu re s  o f  hom ogenization  and
v isc o m e try  must be h e ld  w i th in  a v e ry  narrow ra n g e ;  (e )  the
d u r a t io n  o f b le n d in g  o r  d i s p e r s io n  must be c a r e f u l l y  t im ed .
The shrim p were i r r a d i a t e d  w i th  gamma-rays a t  an average  dose r a t e
o f  1 ,800  ra d s  p e r  m inute  as m easured by  th e  F r ic k e  dos im etry
s o l u t i o n  method. S p e c ia l ly  d es ig n e d  c r y o s t a t  equipment was made
to  i r r a d i a t e  th e  shrim p a t  c ry o g en ic  te m p e ra tu re s .  W ith t h i s
odev ice  i t  was p o s s ib le  to  lower the  te m p e ra tu re  to  -150 C.
The a p p a re n t  v i s c o s i t y  o f  th e  n o n - i r r a d i a t e d  shrim p homogenate 
in c r e a s e d  in  d i r e c t  p r o p o r t io n  to  th e  l e n g th  o f th e  p e r io d s  o f  
ic e  s to r a g e  o f th e  sh rim p . N o n - i r r a d ia t e d  shrim p t h a t  were 
a llow ed  to  p u t r e f y  always showed v e ry  h ig h  a p p a re n t  v i s c o s i t i e s .  
F re sh  shrim p showed low ap p a re n t  v i s c o s i t i e s .  T h is  f in d in g  
su g g e s ts  t h a t  a p p a re n t  v i s c o s i t y  m ight be used as an index  in  
a s s e s s in g  th e  q u a l i t y  o f n o n - i r r a d i a t e d  shrim p.
For each  week of i c e  s to r a g e ,  the  i r r a d i a t e d  shrimp gave ap p a ren t  
v i s c o s i t i e s  of th e  same m agnitude as th o se  o f  th e  n o n - i r r a d i a t e d  
c o n t r o l s .  However, even a f t e r  21 days o f i c e  s to r a g e  the  
i r r a d i a t e d  shrim p d id  n o t  become s lim y nor developed bad odors
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whereas a f t e r  on ly  14 days o f Ice  s to r a g e  th e  n o n - i r r a d i a t e d  
c o n t r o l s  were s lim y  and had a  p u t r i d  o d o r .  T h is  f in d in g  su g g e s ts  
t h a t  i r r a d i a t i o n  e i t h e r  changed the  c o n f ig u r a t io n  o f  th e  p r o te in s  
so  t h a t  th ey  were l e s s  s u s c e p t ib l e  t o  b a c t e r i a l  a t t a c k  o r i r r a d i a ­
t i o n  k i l l e d  th e  s p o i la g e  b a c t e r i a  i n i t i a l l y  p r e s e n t  in  the  shrim p, 
o r i r r a d i a t i o n  was e f f e c t i v e  i n  b o th  o f th e s e  ways.
5 .  Based on ap p a re n t  v i s c o s i t i e s ,  th e  p r o t e in  d e n a tu r a t lo n  e f f e c t s  on 
th e  shrim p i r r a d i a t e d  w i th  0 .1  Mrad were l e s s  th an  th o se  r e s u l t i n g  
from i r r a d i a t i n g  w i th  0 .4  Mrad. S im i l a r ly ,  i r r a d i a t i n g  a t  -30°C 
d e n a tu re d  l e s s  p r o t e in  than  t h a t  a t  25°C.
6 .  A l l  fo u r  c r i t e r i a  of q u a l i t y ,  nam ely, t o t a l  b a c t e r i a l  co u n t ,  
e x t r a c t  r e l e a s e  volume, b la c k  s p o t  c o u n t , '  and o rg a n o le p t ic  e v a lu ­
a t i o n  i n d i c a t e d  t h a t  shrimp i r r a d i a t e d  w i th  0 .1  Mrad a t  -30°C 
were s u p e r io r  i n  q u a l i t y  to  th e  n o n - i r r a d i a t e d  c o n t r o l  and to  
shrim p i r r a d i a t e d  under o th e r  c o n d i t i o n s .
7. The n o n - p ro te in  n i t r o g e n  c o n te n t  of th e  c o n t r o l  and o f  the 
shrim p i r r a d i a t e d  w i th  0 .4  Mrad a t  25°C c o n s i s t e n t l y  d ec rease d  
th ro u g h  the  21 day p e r io d  of i c e  s to r a g e .  The r a t e  o f  d e c re a se ,  
however, was g r e a t e r  f o r  the  c o n t r o l  than  f o r  the  i r r a d i a t e d  
sh rim p . At th e  end o f  21 days of i c e  s to r a g e ,  the  n o n -p ro te in  
n i t r o g e n  c o n te n t  o f  the  c o n t r o l  was 30% l e s s  th a n  i t  was i n i t i a l l y ,  
w hereas t h a t  o f  th e  i r r a d i a t e d  shrim p was o n ly  9% l e s s  th an  i t s  
i n i t i a l  v a lu e .  I t  i s  p o s s ib le  t h a t  th e  g r e a t e r  numbers of b a c t e r i a  
in  the  c o n t r o l  u t i l i z e d  more n o n -p ro te in  n i t r o g e n  th an  d id  the 
s m a l le r  number o f  b a c t e r i a  in  the  i r r a d i a t e d  sh rim p.
8 .  A t the  end of th e  21-day p e r io d  o f  i c e  s to r a g e ,  b o th  th e  s a rc o ­
plasm ic p r o te in  c o n te n t  and the  t o t a l  s o lu b le  p r o te in  c o n te n t  of
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th e  n o n - i r r a d i a t e d  c o n t r o l  and o f  th e  shrim p i r r a d i a t e d  w i th  0 .4  
o
Mrad a t  25 C had a p p r e c ia b ly  d e c re a se d  from t h e i r  i n i t i a l  v a l u e s .  
F l u c t u a t i o n s  i n  t h e i r  v a lu e s  d u r in g  th e  21-day p e r io d ,  however, 
a re  d i f f i c u l t  to  i n t e r p r e t  and i n d i c a t e  t h a t  f u r t h e r  work sh o u ld  
be done on c l a r i f y i n g  the  e f f e c t s  o f  gamma r a d i a t i o n  on s a r c o ­
p lasm ic  and t o t a l  s o lu b le  p r o t e in s  i n  sh r im p .
9 .  The c e n t i p o i s e  v a lu e s  of th e  a p p a re n t  v i s c o s i t y  o f  th e  shrim p 
homogenate were c o r r e l a t e d  w i th  d a t a  f o r  seven  o th e r  in d i c e s  of 
q u a l i t y .  The r e s u l t s  showed t h a t  th e  c o r r e l a t i o n  w i th  t o t a l  
b a c t e r i a l  co u n t was p o s i t i v e  and s i g n i f i c a n t  (p ^  0 .0 5 ) ;  w i th  ERV, 
o v e r a l l  o r g a n o le p t i c  s c o r e s ,  and ap p earan ce  o f shrim p th e  c o r ­
r e l a t i o n s  were n e g a t iv e  and s i g n i f i c a n t  (p ^  0 . 0 5 ) ; the  c o r r e l a t i o n  
w i th  odor was n e g a t iv e  and h ig h ly  s i g n i f i c a n t  (p ^  0 .0 1 ) ;  whereas 
th e  c o r r e l a t i o n  w i th  f l a v o r  and t e x t u r e  were n e g a t iv e  b u t  were n o t  
s i g n i f i c a n t  (p ^ 0 .0 5 ) .
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APPENDIX
TABLE l a .  I n d iv id u a l  Values o f  N on-P ro te in  N itro g e n  Contents  
and E x t r a c t a b l l i t y  o f  Sarcoplasm ic and T o ta l  
So lub le  P ro te in s  ( fo r  Experim ent I I I )
Days o f 
ic e NPN, mg/g sample
Sarcoplasm ic P ro te in s  
01 o f  T o ta l  P ro te in s )
T o ta l  S o lub le  P ro te in s  
(X o f T o ta l  P ro te in s )
s to ra g e C on tro l 0 .4  Mrad
@ 25 C
C on tro l 0 .4  Mrad 
@ 25 C
C o n tro l 0 .4  Mrad 
@ 25 C
1 8 .2 9.7 7.8 7.7 27 .4 29 .3 65.7 89 .3
7.1 8 .8 8.4 8 .1 23.2 31.1 84.9 83.3
7 8 .9 8 .7 7.1 7.5 23.5 20.9 83.6 60.5
7.9 7 .7 8 .4 7.4 21 .3 20.3 77.6 72.9
14 6.5 7.1 8,5 7.9 33.1 26 .3 69.9 61.5
8 .2 8.2 8 .1 6 .7 28 .7 25.1 65 .9 57.3
21 6 .2 6 .9 7 .0 7.7 16.0 16.7 58 .9 79.1
6 .3 5 .0 7.2 7.3 16.6 18.1 49 .7 60.3
oo>£>
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TABUS I l a .  I n d iv i d u a l  V alues  o f  th e  A pparen t 
V i s c o s i t y  In  C e n t l p o l s e s ( f o r  
E x p e rim en t I I I )
T rea tm en t Days o f I c e  S to ra g e
1 7 14 2 i  («)
(1 )  C o n tro l 345 369 560 1431
339 387 592 1509
(2) 0 .1  Mrad 330 471 516 1797
(a 25 c 316 479 520 1837
(3) 0 .4  Mrad 360 429 523 1578
@ -30  C 352 417 530 1558
(4) 0 .4  Mrad 381 418 590 1824
@ 25 C 373 414 577 1876
(5) 0 .4  Mrad 369 480 412 1603
<a -30  C 365 486 418 1677
^a ^Measured a t  12 rpm a t  5 .5  + 0 .5  C and 1 m inu te  a f t e r  the  
s v i t c h  was tu rn e d  on .
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TAB1£ I l i a .  I n d iv i d u a l  V alues  o f th e  E x t r a c t  
R e le a se  Volume In  M i l l l i t e r ( f o r  
E xperim ent I I I )
T rea tm en t Days o f  I c e  S to rag e
1 7 14 21
(1) C o n tro l 2 7 .0 0 31.00 21 .0 0 18.00
25 .0 0 30 .00 2 1 .5 0 19 .00
(2) 0 .1  Mrad 27 .5 0 4 0 .0 0 2 2 .0 0 25 .8 0
@ 25 C 25 .0 0 4 0 .8 0 21 .0 0 24 .5 0
(3 )  0 .1  Mrad 4 4 .0 0 27 .0 0 30 .80 2 7 .0 0
@ -3 0  C 4 0 .0 0 2 6 .5 0 32 .00 26 .00
(4 )  0 .4  Mrad 35.50 26 .8 0 27 .00 22 .5 0
@ 25 C 35.00 31 .00 2 8 .5 0 23 .80
(5) 0 .4  Mrad 2 9 .0 0 2 8 .0 0 2 0 .50 19 .50
<a -3 0  C 2 7 .0 0 2 5 .0 0 2 0 .5 0 18 .80
TABIZ IVa. Mean Values of Apparent V is c o s i ty  and Seven Other Parameters Used In  C a lc u la t in g  C o r re la t io n  
C o e f f ic ie n ts  (Legend of Column Ntmbers: 1 * days of Ice  s to r a g e ,  2 ■ tre a tm e n t(® ) , 3 ** 
apparen t v i s c o s i t y ,  4 -  e x t r a c t  r e l e a s e  vo lune , 5 = t o t a l  b a c t e r i a l  count x 103 , 6 * mean 
o v e r a l l  o rg a n o le p t ic  sco res  of s ix  judges o f  fo u r  a t t r i b u t e s ,  7 = appearance o f  shrimp, 8 •  
odor of shrim p, 9 ■ f la v o r  o f shrimp, and 10 = te x tu re  of shrimp)
1. Days 
of ic e  
s to rag e
2 . T re a t ­
ment
3. Apparent 
V is c o s i ty
4 .  ERV 5. T o ta l  





O rgano lep tic  E s t im a tio n s  
7 .Appear- 8 . Odor 9 .F lavor 
ance
10 .Texture
1 (1) 342.0 26.00 79.00 7.67 8.00 7.67 7.33 7.67
(2) 323.0 26.25 51.00 7.63 7.67 7.67 7.50 7.67
(3) 356.0 42.00 2.00 7.71 7.67 7.83 6.67 7.50
(4) 377.0 35.25 2.00 6.93 7.17 7.50 6.33 7.00
(5) 367.0 28.00 2.00 7.21 7.33 7.50 6.67 7.33
7 (1) 378.0 30.50 300.00 7.17 6.67 7.67 7.17 7.17
(2) 475.0 40.40 68.00 7.63 7.83 7.83 7.17 7.67
(3) 423.0 26.75 110.00 7.83 7.67 7.83 8.00 7.83
(4) 416.0 28.90 20.00 6.79 6.50 7.50 6.83 6.50
(5) 483.0 26.50 20.00 7.22 7.17 7.83 6.67 7.17
14 (1) 576.0 21.25 88000.00 6.61 7.67 6.50 5.00 7.83
(2) 518.0 21.50 3400.00 7.04 7.50 7.00 7.17 7.17
(3) 526.0 31.40 17000.00 7.79 7.67 7.50 7.83 8.17
(4) 583.0 27.75 200.00 6.96 7.00 7.00 6.67 7.33
_ (5) 415.0 20.50 200.00 7.13 7.33 7.33 6.50 7.50
21 (1) 1470.0 18.50 90000.00 5.63 6.50 5.50 4.67 5.83
(2) 1817.0 25.15 99000.00 6.58 7.00 5.83 6.17 7.00
(3) 1568.0 26.50 28000.00 7.63 6.83 7.67 7.00 7.17
(4) 1850.0 23.15 200.00 7.03 7.33 7.33 7.17 7.33
(5) 1640.0 19.15 1500.00 6.62 6.83 6.33 6.50 6.83
ta)xhe f iv e  tre a tm e n ts  were: (1) C o n tro l ,  (2) 0 .1  Mrad a t  25 C, (3) 0 .1  Mrad a t  -30 C, 
(4) 0 .4  Mrad a t  25 C, and (5) 0 .4  Mrad a t  -30 C.
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